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PREFACE 

TO   THE 

SECOND     EDITION". 


Ih  preparing  the  Second  Edition  great  care  has  been  taken 
to  correct  the  errors  and  to  remedy  the  defects  which  its  use 
as  a  text-book  for  the  last  three  years  has  brought  to  light. 
Various  additions  have  also  been  made  for  the  purpose  of 
bringing  it  fully  up  to  the  advance  of  Science  at  the  present 
time.  The  most  important  of  these  additions  are  a  descrip- 
tion of  the  various  machines  that  have  been  recently  invented 
for  the  manufacture  of  Ice,  and  of  Ritchie's  improved  Nat- 
terer's  apparatus  for  the  liquefaction  of  gases  by  mechanical 
compression.  The  sections  upon  Spectrum  analysis,  and 
upon  Ladd*8  improvements  on  Wilde's  machine,  have  also 
been  re-written.  It  is  hoped  that  these  improvements  will 
render  the  volume  worthy  of  a  continuance  of  the  public 
favor. 

Habtfobd,  October  Ist,  1872.  T.  B.  P. 
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PREFACE. 


This  Treatise  has  been  prepared  for  the  use  of  the  general 
reader,  as  well  as  for  that  of  Students  in  Academ.ei,  Colleges, 
and  Medical  Schoob,  and  is  designed  to  embody  the  mor.t  im- 
portant facts  and  principles  of  the  Plijsical  Forces,-*  Heat, 
Lfight,  and  Electricity,  that  have  any  connection  with  the  pro- 
duction of  Chemical  phenomena,  and  to  form  an  introduction  to 
the  study  of  the  science  of  Chemistry.  With  that  science 
these  subjects  are  so  closely  associated  that  they  may  be  saii 
to  constitute  a  part  of  it,  and  a  thorough  knowledge  of  them  h 
absolutely  indispensable  to  its  satisfactory  study.  They  are 
also  possessed  of  great  intrinsic  interest,  and  are  intimately 
connected  with  all  the  mo  t  important  scientific  inventions  of 
the  Age, — the  Steam  Engine,  Photography,  the  Electric  Tele- 
graph, and  others  as  well  a^  with  many  of  the  great  processes 
of  Nature,  in  constant  operation  around  u?,  and  these  cannot 
be  understood  without  a  thorough  knowledge  of  their  element- 
a  7  Principles. 

At  the  Fame  time  they  are  among  the  most  difficult  portions 
of  Physical  Sdence,  and  for  their  thorough  understanding 
a  considerable  amount  of  minute  explanation  and  illustration 
is  required.  The  author  has,  therefore,  treated  them  with  some 
copiousness  of  detail,  and  has  endeavored  to  avoid  that  meagi*e- 
ness  of  statement  which  aims  to  present  only  the  bare  facts  of 
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science ;  while  at  the  same  time  he  has  sought  not  to  exceed 
the  limit  beyond  which  his  readers  would  be  unable  to  follow 
him  without  the  aid  of  Mathematics.  All  matters  of  which  a 
knowledge  could  equally  well  be  obtained  from  any  good  treat- 
ise on  Natui-al  Philosophy  have  been  omitted;  and  those 
points  have  been  elucidated  with  special  care,  which  a  some- 
what extended  experience  as  an  Instructor  has  shown  to  be 
peculiarly  difficult  of  comprehension  by  the  student. 

The  subjects  which  have  been  most  carefully  elaborated,  are 
Heal ;  Rndiant  Heat ;  the  transmission  of  Heat  through  me- 
dia ;  Latent  Heat ;  the  Steam  Engine  ;  the  Chemical  Infiuence 
of  Light;  Photography;  Spectrum  Analysis;  the  Galvanic 
Battery^  and  its  heating^  illuminating^  chemical  and  magnetic 
effects ;  the  Electric  Telegraph  ;  the  Atlantic  Telegraph ;  Elec- 
tro-Magnetic Engines  ;  the  Eire-Alarm  of  Cities ;  the  Induction 
Coils  of  Page  and  Ruhmkorff;  the  Mag  Mo-Electric  Machines 
of  Saxton^  Po-g^t  Holmes^  Wilde,  and  Ladd,  and  their  various 
applications  to  Electro-Plating  and  Gilding,  to  the  illumination 
of  Light-Houses,  and  to  Medicine,  Much  attention  has  been 
paid  to  the  modem  Theory  of  the  Correlation,  Convertibility  and 
Equivalency  of  the  Physical  Forces.  Great  pains  has  also  been 
taken  to  trace  the  history  of  the  various  scientific  discoveries 
described,  and  to  give  to  their  Authors  the  merit  which  is 
justly  their  due.  And  at  the  end  of  every  Section  copious 
Lists  of  Experiments  have  been  inti-oduced,  with  minute  direc- 
tions for  their  preparation  and  performance,  arranged  with 
reference  to  the  convenience  of  teachers  as  well  as  of  students. 
It  is  believed  that  these  Lists  are  much  more  complete  than 
any  heretofore  published. 

An  attempt  has  been  made,  both  in  the  arrangement  of  para- 
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griphs,  and  in  their  piinting,  to  place  the  subject  before  the 
student  in  a  distinct  light,  and  in  a  clear  and  systematic  man- 
ner. Besides  a  full  catalogue  of  subjects  at  the  beginning,  for 
general  use,  a  running  title  has  been  put  at  the  top  of  each 
page,  and  every  paragraph  provided  with  a  heading  printed  in 
heavy  type,  for  the  purpoie  of  furnishing  a  continuous  Table 
of  Contents,  subject  by  subject,  and  also  of  enabling  the  tcache* 
to  select  those  portions  which  he  may  deem  the  best  adapted  to 
tho  wants  of  the  student,  whenever,  for  any  reason,  it  is  thought 
expedient  not  to  attempt  the  study  of  the  whole. 

As  the  merit  of  an  elementary  treatise  like  the  present,  must 
consist  rather  in  the  judgment  shown  in  the  selection  and  ar- 
rangement of  materials  than  in  the  originality  of  its  contents, 
the  Author  ha?  not  scrupled  to  avail  himself  of  aid  from  every 
quarter.  The  works  most  frequently  consulted  have  been  Ga- 
not's  Trcute  de  Physique^  Pouillet's  Elements  de  Physique,  and 
Miller's  Chemical  Physics.  The  illustrations,  where  not  origi- 
nal, have  been  drawn  from  sources  equally  varied. 

Should  this  volume  meet  with  public  favor,  it  will  be  followed 
by  a  second  on  the  same  plan,  upon  Inorganic  and  Organic  Chem- 
isry.  The  Author  takes  this  opportunity  of  expressing  his  ac- 
knowledgements, for  many  important  suggestions,  to  several 
valued  friend^  and  particularly  to  Mr.  S.  H.  Clark,  of  Hart- 
ford, for  the  great  pains  which  he  has  be- towed  upon  the  en- 
gravings, and  for  the  fidelity  and  skill  with  which  he  has  exe- 
cuted them.    . 

T.  R.  P. 
Habtfobd,  September  let,  1869. 
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HEAT— LIGHT— ELECTRICITY. 


CHAPTER  L 


SUBJECT-MATTER    OP    CHEMISTRY:    USES  I    HISTORY:    THE 
CHEMICAL-  AGENTS. 

1.  Origin  of  the  name  Chemistry.  The  name  Chemistry, 
is  said  to  be  derived  from  the  Arabic  word  Kimia^  something 
hidden  or  concealed,  and  from  this,  to  have  been  converted  into 
XtiUBlu^  a  word  first  used  by  the  Greeks  about  the  eleventh 
century,  and  meaning  the  art  of  making  gold  and  silver.  Be- 
tween the  fifth  century  and  the  taking  of  Constantinople  in  tlie 
fifteenth  century,  says  Dr.  Thomson,  in  his  History  of  Chemis- 
try, the  Greeks  believed  in  the  possibility  of  making  gold  and 
sliver  artificially;  and  the  art  which  professed  to  teach  these 
processes  was  called  by  them.  Chemistry.  This  idea,  however, 
has  long  since  been  thoroughly  discarded,  and  is  now  no  longer 
heard  of. 

ft*  The  aatnre  of  Chemistry.  It  explains  tiie  eompositieii 
ef  Ibitter.  Chemistry  is  now  a  science  of  well-established 
laws  and  principles,  Uie  object  of  which  is  the  study  of  the 
composition  of  Matter.    It  informs  us  of  what  the  various  sub- 

1   What  Is  Uie  dnrivatkm  of  the  name  Chemlntry  ?    What  was  the  meaning  of  tha 
vord  aiDong  the  Greeks?    Ii  it  any  longer  regarded  as  the  art  (rf  making  gold  and  dl- 
^er  ?— 3   How  Is  it  now  regarded  ?    JBnnmerate  its  ol^Jeets. 
I 
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stances  in  nature,  the  rocks,  the  soil,  the  water,  the  air,  the 
trees,  the  phints,  the  animals,  and  all  the  Tariou&  Eolids  and 
liquids  of  the  earth  are  made.  It  teaches  us,  also,  the  number 
and  properties  of  these  elementary  substances,  and  the  action 
which  they  exert  upon  each  other  when  mingled.  It  studies  tlie 
laws  which  regulate  their  union,  ascertains  the  proportions  in 
which  they  combine,  devises  means  for  separating  them  when 
combined,  and  seeks  to  apply  such  knowledge  to  the  explanation 
of  the  phenomena  of  Nature,  and  the  improyement  of  the  va- 
rious Arts. 

3.  Blatter,  what  it  ii.  Chemistry,  it  will  be  seen,  treats  of 
the  subject  of  Matter.  The  question  therefore  arises,  "What  is 
Matter?  The  name  Matter  may  be  given  to  any  substance 
which  is  cognizable  by  any  one  or  all  of  the  senses.  Eveiy 
thing  not  cognizable  by  the  senses,  passes  under  tne  name  Im- 
material. All  matter  possesses  the  four  properties  of  Extension, 
Impenetrability,  Inertia,  and  Weight.  We  know  that  a  body 
possesses  Extension,  from  its  occupying  a  portion  of  space ;  we 
know  that  it  possesses  ImpenetrabUity,  from  its  not  allowing 
another  body  to  occupy  this  space  at  ihe  same  time  with  itself; 
we  know  that  it  possesses  Inertia,  from  its  want  of  power  to 
change  its  state,  to  move  if  at  rest,  to  cease  to  move  if  in  mo- 
tion ;  we  know  that  it  possessed  Weight,  from  its  effect  upon  the 
balance,  and  from  the  fact  that  it  falls  to  the  ground  if  its  sup- 
port be  withdrawn. 

4.  Matter,  thoagh  Inert,  capable  of  being'  affected  by  Bz- 
temal  Forces.  Matter  is  in  itself  inert,  but  it  is  subject  1o  the 
control  of  certain  forces, — 1st  Cohesion,  This  force  binds  to- 
gether particles  of  matter  of  the  same  kind,  with  more  or  less 
strength,  producing  solid  bodies  of  different  sizes,  and  various 
degrees  <if  hardness  and  toughnessl  It  acts  only  at  insensible 
distances,  the  clo'^est  proximity  of  the  particles  being  required  in 
order  to  admit  of  its  exercise.  When  this  proximity  has  once 
been  destroyed,  its  restomtion  is  a  matter  of  great  difficulty.— 
2d.  Adhesion,  This  is  the  force  which  unites  unlike  panicles 
of  matter,  when  brought  near  to  each  other.  Thus,  if  a  rod  of 
glass  be  dipped  in  water  or  oil,  particles  of  the  liquid  will  adhere 
to  its  surface.  In  common  language,  the  rod  is  said  to  have  be- 
come wetted ;  in  the  language  of  science,  adhesion  has  taken 
place  between  the  particles  of  glass  and  those  of  the  liquid  with 

8  nire  the  meaning  of  the  word  Matter?  What  four  propertlea  doea  ft  prw^eml 
What  U  meant  bv  Extension?  br  Impenetnbilitv ?  by  Inertia?  by  Wd^»? — A. 
What  four  Forcea  is  Matter  8ufat}ect  to  ?    Define  Cohesion.    Define  A^hedon. 
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wUch  it  has  been  brought  in  contact  By  the  same  force, 
liquids  are  raised  in  fine  tubes,  provided  there  be  adhesion 
between  them  and  the  matter  of  which  the  tubes  are  made ;  in 
such  oases,  it  constitutes  a  force  which  is  called  Capillary  At* 
traction.  In  other  cases  it  is  the  force  which  operates  in  the 
use  of  cements  and  glue.  It  is  unlike  ^hesion,  in  tending  to 
unite  particles  of  different  kinds,  and  in  not  requiring  such  close 
proximity  for  its  action.— *3d.  Jiepul$ion.  This  |s  the  force 
which  prevents  particles  of  the  same  body  from  coming  into 
actual  C3ntact,  and  from  being  so  Ughtly  bound  together  by  the 
force  of  cohesion  as  to  be  incapable  of  separation.  It  is 
eupposed  to  be  due  to  the  presence  of  heat  in  bodies,  and  is 
always  the  antagonist  of  cohesion.  The  state  of  a  body  as  to 
softness  and  hssrdaess,  depends  upon  the  relative  proportion  exLitf> 
ing  b  tvreen  these  two  forces.  When  repulsion  predomtnata^,  the 
substance  will  be  very  soil ;  but  when  cohesion  is  superior,  it  will 
become  proporiianally  hard  and  tough.  We  possess  the  means 
of  iacreaiing  an  1  diminishing  the  force  of  repidsion  in  any  sub* 
stance,  and,  eo  iS3quently,  of  aff.^ing  many  of  its  physical  prop* 
erties,  by  elevating  or  depressing  its  temperature. — 4th.  Gravity. 
This  fbx3  operates  upon  particles  of  matter,  whether  like  or 
«nUke,  and  tend<)  to  draw  them  toward  each  other.  It  does  not 
require  close  proximity  for  its  action,  though  its  power  is  in* 
^nrc^ised  as  the  square  of  the  distance  diminishes.  This  is  the 
force  which  tends  to  draw  masses  of  matter  towards  the  centre 
of  the  earth,  and  to  attract  the  earth  itself,  with  all  the  planets, 
to  the  sun.  It  is  not  confined,  however,  to  such  large  masses 
of  matter  as  these.  A  pendulum,  in  vibration,  will  be  sensibly 
afiTected  by  the  presence  of  a  mountf^in  in  its  neighborhood ;  and 
even  smaller  masses  of  matter,  if  susceptible  of  motion,  tend  to 
ftpproach  eac*ii  other  under  its  infiuence. 

5.  The  Three  Principal  States  ef  Bbittsrt  Selid,  Xaqvid, 
imiaaMoaa.  Matter  exists  in  three  principal  states,  the  Solid, 
the  Liquid,  and  the  Gaseous.  When  the  particles  of  a  body 
are  in  close  proximity,  and  so  firmly  nniud  as  to  be  incapable 
of  any  considerable  change  of  place  in  reference  to  each  other, 
the  body  is  said  to  be  a  Solid.  When  the  particles  are  far 
enough  apart  to  admit  of  a  very  appreciable  degree  of  motion, 
they  form  a  Liquid;  and  when  they  are  separated  so  far 
as  to  cease  to  be  drawn  towards  each  other  at  all,  they  con- 
stitute a   Gas,  like  the  atmoiphere,  or  a  Vapor,  like  steam. 


4.  I>«ftn«^«Mon.    Deftne  Or^wMr  -^.  Slate  the  ttiMe  prlndfftl  tonm  nt  Mattw. 
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The  difference  between  gases  and  vapors,  is  that  the  former  are 
permanently  aeriform  at  all  ordinary  temperatures,  the  latter 
are  the  aeriform  fluids,  that  are  formed,  by  the  addition  of  heat, 
from  various  liquids,  such  as  alcohol,  ether,  water,  and  mercury, 
and  they  remain  in  the  aeriform  state  only  so  long  as  their  tem- 
perature is  maintained  above  a  certain  point ;  when  their  tem- 
perature is  reduced  below  this  point,  they  immediately  return 
to  the  liquid  state  from  which  they  sprung. 

The  existence  of  matter  in  one  of  these  states  in  preference 
to  the  others,  is  chiefly  due  to  the  relative  strength  of  the  forces 
of  cohesion  and  repulsion.  When  Cohesion  predominates,  the 
body  is  in  the  solid  state :  when  the  two  forces  ai*e  in  equilib- 
rium, the  body  is  in  the  liquid  state ;  and  when  Repulsion  pre- 
ponderates, the  body  assumes  the  gaseous  state.  As  we  have 
the  means  of  varying  the  force  of  repulsion  by  the  addition  or 
abstraction  of  heat,  oftentimes  the  same  portion  of  matter  may 
be  made  to  pass  from  the  flrst  of  these  states,  through  the  second, 
into  the  third,  and  then  to  return  to  its  original  condition.  Thus, 
ice,  by  the  application  of  heat,  may  be  converted  into  water ;  this 
water,  by  the  further  addition  of  heat,  into  steam ;  and  when  this 
heat  U  withdrawn,  the  steam  will  return  flrst  into  the  state  of 
water,  and  then  into  that  of  ice.  In  the  same  way,  many  of  the 
permanent  gases,  by  the  combined  influence  of  the  abstraction 
of  heat,  and  mechanical  pressure,  may  be  reduced  to  the  liquid, 
and  finally  to^  the  solid  state. 

6.  The  Peenliar  Propertiei  ef  Solidi.  Solids  possess,  to  a 
marked  degree,  the  distinctive  properties  of  matter,  such  as 
Opacity,  Transparency,  Softness,  Hardness,  Elasticity  or  the  re- 
verse. Color,  and  Density.  Their  particles  are  also  nearly 
immovable,  and  pressure  operating  upon  them  is  propagated 
through  them  in  right  lines,  or  in  a  right  line  which  passes  through 
their  centres  of  gravity. 

7.  The  Peculiar  Propertlee  of  Liquidi.  Liquids  exhibit  the 
characteristic  properties  of  matter  with  less  positiveness  tlian 
solids.  They  are  all,  with  the  exception  of  mercury,  more  or 
less  transparent  They  are  compressible  only  to  a  very  lim- 
ited extent,  and,  therefore,  very  slightly  elastic  They  differ 
from  solids,  in  propagating  pressure,  niade  at  any  one  point,  equal- 
ly in  all  directions ;  consequently,  a  pressure  of  one  pound  to 
the  square  inch,  upon  the  side  or  bottom  or  any  part  of  a  liquid, 

5.  To  wh^t  In  thill  difler«iice  owing?  Show  the  efRpct  of  incfeajifng  and  dSwinitching 
th«  tbrre  of  repuI«lon  In  th«  case  ol  Ice.— ^.  Sfnte  the  peculiar  properties  of  Solids. 
How  Is  prwwnre  propagated  through  them?— 7-  State  thu  peculiar  prop«rtiM  of 
Liquids.    Show  how  preMure  is  propagated  through  them. 
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win  be  propagated  in  such  a  way  that  the  same  pressure  of  one 
pound  will  be  experienced  by  every  other  square  inch  throughout 
the  liquid,  and  by  every  square  inch  of  the  vessel  containing  it. 
The  weight  of  a  solid  immersed  in  a  liquid  is  diminislied  by 
the  weight  of  the  mass  of  liquid  which  it  displaces.  All  liqui(U 
therefore  have  a  certain  buoyant  power.  Water  is  taken  as  the 
type  of  liquid^  because  it  possesses  their  marked  characteristics 
in  an  eminent  degree. 

8.  The  Peculiar  Prepertiei  of  Oaeee.  Groses  possess  the 
distinguishing  properties  of  matter  to  a  much  less  extent  than 
either  Solids  or  Liquids.  They  are  all  transparent,  and  many 
of  them  colorless ;  their  particles  are  capable  of  an  unlimited 
degree  of  motion ;  they  are  very  compressible,  and  highly  elas- 
tic, and  tend,  when  compressed,  to  return  with  gi-eat  force  to 
their  original  dimensions.  As  they  are  in  a  state  of  constant 
compression,  in  consequence  of  the  atmospheric  pres-ure  to 
which  they  are  always  subjected,  they  are  never  in  a  state  of 
permanent  equilibrium,  but  are  continually  striving  to  increase 
in  volume,  and  tending  powerfully  to  expand.  This  is  their 
principal  characteristic  They  are  greatly  dilated  by  heat; 
pressure  is  propagated  through  them,  as  through  liquids,  equally 
in  all  directions ;  some  of  them,  by  pressure  and  the  abstraction 
of  heat,  can  be  reduced  to  the  liquid,  and  even  to  the  solid 
state ;  but  the  greater  part  of  them,  like  the  atmosphere,  resist 
every  attempt  at  solidilieation,  and  remain  permanently  gaseous 
at  all  temperatui*e3.  They  also,  like  liquids,  diminish  the  weight 
of  all  solid  bodies  immersed  in  them,  by  the  weight  of  a  bulk 
of  the  gas  equal  to  that  of  the  body  immersed.  They  conse- 
quently possess  also  a  certain  buoyant  power,  and  all  bodies 
therefore  weigh  less  in  air  or  other  gases  than  they  do  in  a 
vacuum. 

9.  The  Atmoiphere  a  Type  of  all  Oatei.  Its  Prepertiei. 
The  Atmosphere  possesses  the  properties  of  the  Gases  in  the 
most  marked  manner.  It  is  perfectly  clear  and  transparent.  It 
is  very  compressible,  and  by  pressure  may  be  made  to  occupy 
much  less  space  than  it  ordinarily  does.  It  is  highly  elastic,  and 
tends,  when  compressed,  to  return  to  its  original  volume.    The 

"^space  which  it  occupies,  depends  upon  the  pressure  to  which  it 
is  subjected :  if  the  pressure  be  doubled,  its  volume  is  dimin- 
ished one-half;  if  the  pressure  be  diminished  one-half,  the  space 

7.  What  U  the  type  of  all  Lfqaids?^.  Sttite  the  peculiar  properties  of  Oasee. 
Show  how  prMKore  is  propagated  through  them.— ^  Stite  the  principal  propcrtiet  of 
the  Air.    What  ii  the  eOect  of  preisuie  apon  the  ipace  which  it  oceupiea  ? 
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occupied  is  doubled.  The  atmo^phet^  possesses  vreijrlit,  and' 
pre<idei  with  an  average  force  of  about  fifteen  pounds  upon 
every  square  inch  of  the  earth's  surface.  This  pressure  is  the 
weight  of  a  column  of  air  re.^ing  upon  a  base  who^e  area  is  one 
square  inch,  and  extending  from  the  lowest  to  the  higlie^t  limit 
of  the  Atmosphere.  By  the  pressure  of  one  atmosphere  is 
always  meant,  a  pressure  of  fifteen  pounds  to  the  square  inch. 
Tlie  weight  of  the  atmosphere  varies  continually,  and  this  va* 
riation  is  mea^iured  by  the  rise  and  fall  of  the  mercury  in  ihe 
tube  of  the  barometer.  When  the  air  in  heavier,  a  longer  column 
of  mercury  will  be  supported ;  when  lighter,  a  shorter  column 
onW  can  be  sustained.  When  the  pressure  is  exactly  equal  to 
fifteen  oounds,  it  will  sustain  a  column  of  mercury  thirty  inches 
higl ,  the  weight  of  a  column  of  mercury  of  that  height,  and  with 
a  base  one  square  inch  in  area,  being  exactly  fifteen  pounds. 
One  hundred  cubic  inches  of  air,  at  30  im-hes  of  the  barometer, 
and  60®  Fahrenheit's  thermometer,  weigh  80.829  grains.  The 
body  of  a  man  of  medium  size,  expoi^es  a  surface  of  about  fif-* 
teen  square  feet,  and  he  must  consequently  sustain  a  presAire 
of  more  than  30,000  pounds,  or  about  fifteen  tons.  This  vast 
weight  is  carried  without  effort,  because,  in  consequence  of  the 
propagation  of  pressure  by  the  air,  equally  in  all  directions,  the 
external  pressure  is  counterbalanced  by  an  equal  pressure  ex- 
erted from  within,  through  the  medium  of  the  air  which  pene- 
trates into  the  interior  of  the  body.  As  there  is  the  Fame 
amount  of  pressure  upward,  as  there  is  downward,  the  air,  in 
fact,  exerts  a  certain  buoyant  power,  which  tends  to  support  his 
body  and  render  his  movements  even  more  free  and  easy  than 
they  would  be  in  a  vacuum.  As  we  ascend  in  the  atmosphere, 
its  weight  and  pressure  diminish;  and  at  2.7  miles  its  pressure 
is  but  seven  and  a  half  pounds  to  the  square  inch,  and  the  ba^ 
rometer  stands  at  only  fifteen  inches.  Tlie  height  of  the  mer- 
cury in  the  tube  of  the  barometer,  is  therefore  an  excellent 
measure  of  altitude.  On  the  contrary,  as  we  descend  below 
the  level  of  the  sea,  the  atmospheric  pressure  increases,  and  the 
mercury  in  the  tube  of  the  barometer  has  been  known  to  rife  to 
fOrty-five  inches.  The  extreme  range  of  the  barometer  between 
the  highest  altitudes  reached  in  balloons,  and  the  greatest  depth 
beneath  the  level  of  the  sea,  is  from  thirty-three  to  thlrty- 

0.  Whiit  Is  Um  prMnnra  of  the  Atmnsphera  to  the  eqnara  Inch  ?  By  what  litftn]- 
ment  h  the  atmospheric  prewura  meannrod  ?  What  is  the  Amoant  of  thi*  pressure  upon 
the  boi/  of  a  man  ?  What  chaofe  takes  place  in  the  atmospheric  pressure  as  we  ascend 
Into  the  air  ?  What  is  the  range  of  the  birometer  ?  What  Is  the  variatioB  of  prsssare 
upon  the  body  of  a  man  within  these  limits? 
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foar  inched;  and  as  the  variation  of  one  inch  produces  a  change 
of  pressare  upon  the  body  of  a  man,  of  1,000  pounds,  the  vari- 
ation of  pressure  experienced  in  these  cases  amounts  to  thirty- 
three  or  thirty-four  thousand  pounds.  The  distance  to  which 
the  atmosphere  extends  above  the  earth  cannot  be  very  accu- 
rately determined,  but  is  estimated  at  about  forty-five  miles. 

10-  The  Oenenil  Propertiei  of  Matter,  as  Solid,  Liquid  and 
Oasootts,  ara  treatad  of  by  Natural  Philosophy.  These  gen- 
eral properties  are  essential  to  Matter,  and  must  be  taken  into 
view  in  forming  a  correct  idea  of  it.  They  constitute  the  sub- 
ject of  Natural  Philo^phy,  and  it  is  to  that  science  that  we 
must  resort  for  a  detailed  and  systematic  description  of  the  gen- 
eral properties  of  the  matter  of  the  universe,  as  it  exists  in  the 
three  diiferent  states,  solid,  liquid,  and  gaseous.  But  parttc- 
ular  kinds  of  matter^  forming  the  various  special  substances  tliat 
surround  U4,  possess  additional  properties  which  it  is  the  pecul- 
iar province  of  chemi-stry  to  investigate.  The  general  proper- 
ties of  matter  must,  however,  first  be  understood ;  and  therefore 
an  acquaintance  with  the  first  principles  of  natural  philo5ophy 
is  a  necessary  preliminary  to  the  study  of  chemistry ;  while,  on 
the  other  hand,  a  knowledge  of  chemistry  is  a  necessary  sup- 
plement to  natural  philosophy,  if  it  be  wished  to  have  a  com- 
plete understanding  of  the  true  nature  of  the  various  forms  of 
matter  which  surround  us. 

11.  Ohomistry  treats  of  tha  samo  Properties  of  Blatter  as 
natural  Philosophy*  and  of  others  boiide.  The  properties  of 
Matter  treated  of  by  natural  philosophy  are  very  different  from 
those  investigated  by  chemistry.  Natural  philosophy  makes 
no  other  distmction  in  bodies  than  that  of  solids,  liquids,  and 
gases.  In  her  view  all  solids  are  alike,  all  liquids,  and  all  gases, 
because  they  all  possess  the  same  general  properties.  Chem- 
istry, on  the  other  hand,  treats  of  every  particular  solid,  liquid, 
and  gas,  and  shows  in  what  respects  each  differs  from  every 
other.  Natural  philoM)phy  takes  notice  only  of  the  external  and 
obvious  properties  of  bodies,  such  as  Color,  Weight,  Density, 
Elasticity,  and  those  which  belong  to  all  matter  in  the  mass, 
whether  solid,  liquid,  or  gaseous.  Chemistry,  on  the  other 
hand,  deals  with  the  internal  constitution  of  Matter,  seeks  to 
take  it  to  pieces,  to  resolve  it  into  its  elements,  to  ascertain  of 

9.  What  is  the  height  of  the  Atmonphere  ?— 10  What  science  takes  note  of  the 
tftneraX  properties  of  solids,  liquids,  and  gases  ?  What  science  treats  of  special  kinds 
of  Blatter?— 11.  What  Is  the  difference  between  natund  plillosophy  and  chemistry T 
Why  is  ohemistiya  science  of  analysis? 
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what  Bimple  subetanoes  every  variety  of  it  consiBts,  and  to  study 
the  properties  and  relations  of  each.  It  is  essentially  a  science 
of  analysis,  and  its  great  object  is  to  find  out  what  all  sub- 
stances are  made  of,  and  what  action  they  exert  on  each  other 
when  brought  into  contact;  to  study  the  nature  of  the  compounds 
which  they  form,  and  to  ascertain  the  character  of  the  force 
which  produces  their  union. 

12.  The  Stndy  of  Matter  forms  the  Snlqect  of  other  8ci- 
encsi  besides  Natural  Philosophy  and  Chemistry,  vis.,  Min- 
eralogy, Botany,  and  Zoology.  If  we  regard  material  objects 
in  reference  to  their  external  form,  the  different  arrangement  of 
their  parts,  their  power  of  growth,  of  motion,  and  of  repitxlucing 
other  objects  like  themselves,  in  short,  if  we  regard  Matter  as 
entering  into  the  structure  of  minerals,  plants,  and  animals,  and 
classify  these  according  to  the  degree  of  resemblance  found  in 
their  internal  and  external  organization,  we  are  led  to  the  three 
descriptive  sciences  which  constitute  Natural  History,  viz..  Min- 
eralogy, or  the  description  and  history  of  minerals,  Botany,  or 
the  description  and  history  of  plants,  and  Zoology,  or  the  de- 
scription and  history  of  animals.  If,  on  the  other  hand,  we 
regard  material  objects  entirely  apart  from  their  form  and  or- 
ganization, and  only  as  composed  of  matter'  in  general,  we  are 
confined  to  the  sciences  of  natural  philosophy  and  chemistry. 

13.  Difference  between  Natural  Philosophy  and  Chemistry 
illnstrated  by  an  Bzample.  Take  a  piece  of  marble,  for  in- 
stance :  it  possesses  weight,  and  is  influenced  by  the  force  of 
gravity;  it  has  color,  density,  opacity;  it  is  composed  of  small 
particles  bound  together  by  the  force  of  cohesion,  and  these 
particles,  however  minute,  are  yet,  each  of  them,  as  truly  marble 
as  any  portion  of  the  mass,  however  large.  These  are  the  only 
properties  of  the  marble  which  are  noticed  by  natural  philos- 
ophy ;  but  there  are  others,  .besides.  Each  little  particle  of  the 
mari)le,  however  small,  is  a  compound  substance,  made  up  of 
three  elements,  very  different  from  marble,  and  very  different 
from  each  other  in  all  their  properties,  viz. :  a  metal  named  Cal- 
cium, common  charcoal  or  Carbon,  and  a  gas  named  Oxygen. 
These  three  substances,  when  brought  into  close  proximity, 
exert  a  certain  action  upon  each  other :  they  are  drawn  toward 

12.  What  other  sdencet  does  th«  study  of  matter  Indade?  What  is  Mineralogy? 
What  in  Botany  ?  What  is  Zoology  ?— 13.  lUnatrote  the  difference  between  natural 
philosophy  and  clienilBtry  by  a  piece  of  marble.  >Vhat  force  unites  the  particles  of  mar- 
ble of  which  a  mass  of  marble  consists?  To  what  science  does  the  consideration  of  the 
Ibroe  of  <»he8lon  belong  ?  '  What  are  the  three  subftanoet  of  which  each  particle  of 
marble  is  oompoeed? 
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each  other,  and  tend  to  nnite  to  form  a  fourth  substance  entirelj 
distinct  in  all  its  properties  from  those  of  the  elements  that  enter 
into  it  There  are  more  than  sixty  such  elementary  substances, 
all  of  which  tend  to  act  upon  each  other,  and  to  unite  so  as  to  form 
new  substances,  whenever  they  are  brought  into  contact.  It  is 
the  properties  possessed  by  these  elements,  and  by  the  compounds 
which  they  form,  the  force  which  unites  them  together,  and  the 
character  of  the  action  which  they  exert  upon  each  other,  that 
constitate  the  subjects  of  which  chemistry  takes  cognizance. 

14.  Chemistry  is  a  Scieaca  of  Bzperiment.  With  many  va- 
rieties of  Chemical  Action  we  are  fiimiliar.  Sugar  dissolves  in 
water ;  bright  iron  rusts  in  the  air,  and  when  heated  in  the  fire, 
becomes  covered  with  black  scales;  woodaiid  coal  bum, and  ai*e 
converted  into  invisible  gases ;  illuminating  gas  gives  forth  light 
and  heat,  and  then  disappears ;  soda  powders,  when  mingled  in 
water,  produce  a  large  quantity  of  gas,  which  escapes  in  foam ; 
charcoal,  when  inflamed,  gives  forth  an  invisible  gas  which  puts 
out  lighted  candles,  and  destroys  life.  With  these,  and  many 
other  instances  of  the  action  of  different  kinds  of  matter  on  each 
other,  we  are  already  familiar,  for  they  fall  under  our  notice 
every  day  ;  but  it  is  chemistry  which  investigates  and  explains 
them.  Where  this  explanation  is  not  easy,  experiments  are 
invented  for  the  purpose  of  ascertaining  the  truth.  Chemistry, 
consequently,  is  a  science  of  experiment. 

15.  AChoxnical  Bxperiment:  what 
it  is.  A  Chemical  Experiment  is  a 
process  devised  for  the  purpose  of  elicit- 
ing or  illustrating  some  important  chem- 
ical truth.  Suppose  we  wish  to  ascer- 
tain of  what  common  Salt  is  made :  we 
pour  some  common  sulphuric  acid  or  oil 
of  vitriol,  which  may  be  procured  at 
any  druggist's,  upon  a  little  table  salt  in 
a  glass  flask  provided  with  a  cork  and 
a  piece  of  bent  tube  like  that  in  Ftg.  1. 
Sulphuric  acid  is  a  compound  of  sulphur 
and  oxygen  gas,  and  is  a  thick  and  oily 
liquid.  As  soon  as  it  touches  the  salt, 
an  effervescence  is  produced,  and  a 
white,  pungent  vapor  formed,  which  es-     a  CiemiraiE-perim^nt, 


Fig.   1. 


13.  How  xaukj  elementary  aulMtaiicei  are  there?  Mentloa  the  subjects  of  which 
chemistry  takes  cognisance.— }4.  Mention  some  instances  of  chemical  action.— 15.  If 
wc  wish  to  knew  of  what  common  MullAi  oomposea,  what  do  we  do  ?  What  Is  solpUurle 
••id?  j« 
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cap^  into  the  air.  If  nd^t  the  end  of  the  tube  discharghig  the 
vapor  be  dipped  into  a  wine-glass  partly  filled  with  a  solution 
of  purple  cabbage,  the  purple  color  is  immediately  turned  tt> 
red ;  if  dipped  into  water,  the  watei'  becomes  acid.  We  cotl- 
dude,  therefore,  that  common  salt  contains  a  substance,  which, 
when  driven  out  by  sulphuric  aeld,  had  a  tnost  pungent  and 
irritating  odor,  an  acid  taste,  and  the  piy)perty  of  turning  veg- 
etable blue  colors  red.  We  say,  therefore,  that  salt,  wlieh 
treated  in  this  way,  gives  forth  an  acid^  This  is  what  is  called 
a  Chemical  Experiment;  and  the  science  which  devises  pro- 
cesses like  this,  and  traces  thehr  results,  is  cdled  the  science  if[ 
chemistry. 

16.  ClMBislrjf  is  CMMetdd  with  numjr  CmHMi  ProcMMt 
im  tiM  Aril.  If  into  the  flask  u^ed  in  the  expernnent  just  de* 
scribed,  still  containing  oil  of  vitriol  and  salt,  we  put  a  little 
oxide  of  manganese,  and  apply  heat,  the  white  vapor  disap- 
pears, and  b  replaced  by  a  gas  of  a  green  color ;  and  what  is 
very  singular,  if  this  green  gas  be  made  to  pass  into  a  wine-glass 
containing  a  solution  of  purple  cabbage,  or  some  of  the  liquid 
turned  rc^  in  our  last  experiment,  these  liquids  almost  at  once 
become  colorless,  and  we  observe,  as  the  bubbles  of  gas  es* 
cape,  that  they  diffuse  a  very  dktagreeable  odon  Here  we  hav6 
another  experiment  illustrative  of  a  Chemical  process  of  a  very 
curious  and  important  character,  one  which  is  daily  performed 
upon  an  immense  scale,  in  the  arts,  for  the  pmrpoee  of  bleaching 
the  cotton  and  linen  fabrics  which  we  wear,  and  of  making  the 
rags  from  which  writing  and  printing  papers  are  manufoctured, 
fair  and  white.  The  green  gas  in  this  experiment  is  called 
Chlorine,  and  it  is  contained  in  common  fait,  united  with  a 
bright  and  shining  metal  named  Sodium.  Common  salt  is  com-* 
posed  exclusively  of  these  two  elements,  and  takes  from  them 
its  chemical  name,  Chloride  of  Sodium. 

17.  Ckemistry  asplaiag  ths  aatnM  of  Ktdleiaea.  If,  again, 
into  this  green  Chlorine  gas  we  dip  a  little  hot  Mercury,  the 
metal  immediately  begins  to  bum,  and  to  emit  a  white  cloud, 
producing  a  substance  known  in  medicine  as  Corrosive  Subli- 
mate, a  virulent  poison  composed  of  chlorine  and  metallic  mer- 
cury.    The  medicine  Calomel  is  also  composed  of  chlorine  and 

15.  What  Uke4  plftoe  when  Kulphuric  add  L^  poured  on  the  salt  ?  What  effect  htm 
the  fiubstance  drfTen  oat  nf  the  rait,  on  Tegetable  bluen  ?— lA.  Illiat  procera  In  tlie 
«rt«  ii  explained  by  chemistrj  ?  \i  hat  is  the  gt«en  gas  named  that  h  driven  out  of  thv 
anlt?  What  other  iubetance  beoidoK  chlorine  i«  contained  in  rait?— 17.  What  Is  the 
effect  of  patting  hot  menoiy  Into  chloiine  ?  ^liat  Is  the  diflieNmee  between  ceMwiTt 
1? 
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mercoTj,  bnt  it  has  doable  the  quantity  of  mercury  in  it  that 
corrosive  sublimate  has.  Calomel  may  therefore  be  made  by 
adding  an  additional  quantity  of  mercury  to  corrosive  sublimate. 
Here  we  have  another  chemical  process  of  great  importance  in 
the  preparation  and  administration  of  medicines. 

18.  Gkemistry  enUiins  the  change  which  Respiratieii  pre- 
tecei  In  the  Air.  I^  through  a  piece  of  glass  tube,  we  breathe 
idr  from  the  mouth  into  a  tall  wine-glass  containing  lime-water^ 
the  water  will  immediately  acquire  a  white  color  and  become 
turbid ;  and  if,  afler  breathing  some  minutes,  we  gently  lower 
a  lighted  taper  almost  to  the  surface  of  the  water,  it  will  be  at 
once  extinguished.  A  small  insect,  introduced  in  the  same 
manner,  will  soon  die.  From  this  experiment  it  is  evident  that 
there  issues  from  our  mouths  in  breathing,  an  invidble  substance 
which  has  the  power  of  turning  lime-water  white,  extinguishing 
lights,  and  destroying  animal  life ;  and  this  explains  why  it  is« 
that  if  a  number  of  persons  are  confined  in  a  small  closed  room, 
unprovided  with  means  for  ventilation,  they  arc  soon  suffocated. 
This  invisible  gas  is  called  Carbonic  Acid,  and  is  a  compound 
of  Charcoal  and  Oxygen.  It  is  produced  by  the  burning  of 
charcoal,  and  gas,  and  oil,  as  well  as  by  the  breathing  of  animals, 
and  this  accounts  for  the  iiact  that  death  is  so  often  caused  by 
the  burning  of  these  sub>ttances  in  closed  apartments,  and  shows 
the  necessity  of  free  ventilation.  Here  we  have  a  great  danger, 
the  real  nature  of  which  is  made  known  to  us,  as  well  as  the 
importance  of  guarding  against  it,  by  the  science  of  which  we 
propose  to  treat. 

19.  Ohemistry  is  ceimected  with  Agricnltiire.  The  farmer, 
as  is  well  known^  if  he  wishes  to  increase  the  amount  of  his 
crops,  plentifully  manures  his  fields.  Chemistry  teaches  us  that 
one  of  the  most  important  constituents  of  all  animal  manures  is 
the  gas  Ammonia,  and  shows  how  its  escape  into  the  air,  be- 
fore the  manure  is  worked  into  the  soil,  can  be  prevented.  It 
teaches  us  that  ampionia  is  itself  composed  of  two  other  distinct 
gases.  Nitrogen  and  Hydrogen,  in  the  proportion  of  one  atom  of 
the  former  to  three  of  the  latter,  and  that  it  is  the  substance 
which  gives  to  common  hartshorn  its  pungent  odor  and  other 

17.  Of  what  use  Is  chemistry  in  the  manuracturc  of  metlicines  ? — IS.  What  takes 
pUee  when  breath  is  forred  froui  the  lungs  throujrh  Umc-water  ?  What  happenM  to  a 
itj^hteil  taper  introdaeed  into  the wine-gtass  ?  To  an  inject?  ^Iiat  change  \»  produced 
In  the  air  b/  respiration?  By  the  burning  of  gas  and  oil?  Why  is  Tentilation  neces- 
sary ?— 19  Wiva  Tal liable  substance  does  chemistry  dlscloee  In  manure?  What  is  am- 
^ocia?    What  has  it  to  do  with  guuio ? 
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characteristic  properties.  Chemistry  shows  us  how  we  can  ap- 
ply it  to  plants  in  other  forms  than  that  of  barn-yard  manure, 
e^^pecially  in  the  state  of  guano,  points  out  the  special  manuixis 
that  dlfierent  plants  require,  and  teaches  us  how  to  manufacture 
them.  It  is  to  chemistry  that  we  are  indebted  for  our  knowl- 
edge that  Phosphorus  is  valuable  as  a  fertilizer,  particularly  in 
the  culture  of  wheat  and  other  grains,  that  it  is  a  simple  sub- 
stance contained  in  bones,  and  that  bone-dust  and  the  phosphates 
of  Lime,  which  are  made  from  bones,  are  of  great  value  for 
enriching  the  soil.  That  plants  require  ample  supplies  of  proper 
food  in  order  to  thrive,  and  that  without  it  they  must  languish 
and  die,  is  another  truth  of  the  greatest  importance,  for  which 
we  are  chiefly  indebted  to  this  science. 

20.  Chemistry  treats  of  the  Extractioii  of  Metalg  from  their 
Orel.  It  is  Chemistry  that  shows  us  how  to  extract  iron  and 
other  metals  from  the  stony  ores  in  which  they  are  found  in  the 
earth,  and  explains  how,  by  heating  these,  after  they  have  been 
ground  and  mixed  with  charcoal  and  lime,  the  pure  metals  are 
left  behind,  and  the  impurities  with  which  they  were  mingled  are 
separated  from  them.  It  is  therefore  to  chemistry  that  we  are 
indebted  for  the.  iron  employed  in  the  construction  of  railroads, 
steamboats,  and  every  kind  of  machinery,  as  well  as  for  the  other 
metals  which  are  used  so  abundantly  in  the  various  arts.  It  is 
chemistry  also,  by  teaching  how  to  extract  phosphorus  from 
bones,  that  enables  us  to  manufacture  the  common  friction  match 
abundantly  and  cheaply. 

21.  Chemutry  U  connected  with  the  Bbnnlactare  of  Oas, 
and  with  most  of  the  Useful  Arts.  The  printing  of  calico,  and 
all  processes  for  dyeing  cloth,  the  preparation  of  illuminating  gas 
from  coal  and  oil,  the  making  of  soap  and  candles,  the  distilla- 
ti,on  of  perfumery,  the  raising  of  bread,  the  manufacture  of  soda 
water,  and  innumerable  arts  of  a  similar  kind,  all  depend  upon 
chemical  principles. 

22.  Chemistry  explains  the  Oreat  Natural  Processes  of 
Respiration  and  Comlmstion.  Finally,  it  is  Chemistry  that 
explains  why  atmospheric  air  is  essential  to  the  life  of  animals 

19.  What  tiubstance,  raluable as  a  fertllijer,  is  found  ia  bones?  What  great  agrical> 
tural  truth  is  taught  by  chemistry  ?— 20.  What  science  explains  the  extraction  of  met- 
als from  their  ores  ?  To  wluit  science  are  ire  indebted  for  the  cheap  and  abundant 
supply  of  iron?  Of  phosphorus  and  friction  matches?— 21  What  other  arts  are  de- 
pendent upon  chemistry  for  tuccessfnl  projiecution  ?— 22  >Vhat  light  does  chemistry 
throw  upon  respiration  and  combustion  ?  Has  it  anything  to  do  with  the  life  of  animals 
and  plants,  or  with  the  lighting  of  fires,  the  generation  of  steam,  or  the  movement  of 
machinery? 
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and  plants,  and  that  it  is  by  the  rapid  combination  of  the  Car- 
bon and  Hydrogen  of  wood  and  coal  with  the  Oxygen  of  the 
air,  that  combustion  is  produced.  Thus  Chemistry  teaches  us 
what  it  is  that  keeps  vegetable  and  animal  life  in  existence,  and 
what  it  is  that  furnishes  the  heat  required  in  most  of  the  arts, 
in  cooking,  in  warming  houses,  in  generating  steam,  and  setting 
in  motion  steam  engines,  steamships,  and  all  the  rest  of  our 
varied  and  complicated  machineiy. 

23.  The  Importance  of  Chemiitry.  Thus  we  see  very  plainly 
how  important  a  knowledge  of  its  principles  must  be  to  every 
manufacturer  of  cotton  and  paper,  to  every  physician,  farmer, 
and  worker  in  metals;  to  all  makers  of  locomotives  and  steam 
engines ;  to  all  manufacturers  of  gas,  and  indeed  to  all  persons, 
whatever  their  occupations,  since  it  enables  them  to  carry  on 
their  various  pursuits  successfully,  and  to  preserve  their  health, 
while,  at  the  same  time,  it  gives  them  an  intelligent  apprecia- 
tion of  the  great  operations  of  Nature  which  are  continually 
going  on  around  them.  The  phenomena  of  combustion,  of  res- 
piration, of  artificial  illumination,  and  of  the  action  of  the  ^t- 
mo.'^phere  on  the  soil,  are  all  explained  by  it,  and  a  knowledge 
of  its  principles  should  be  possessed  by  every  intelligent  man. 

24.  Chemiitry  fumiihes  Striking  Proofii  of  Desifirn.  No 
Science  furnishes  more  striking  instances  of  Design  in  Creation, 
more  convincing  proofs  of  the  existence  of  God,  or  more  sat- 
isfactory illustrations  of  His  Power,  Wisdom,  and  Groodness. 
It  teaches  more  forcibly  than  any  other  Science,  our  entire  de- 
pendence from  moment  to  moment,  for  life  and  breath,  upon  a 
Being  higher  than  ourselves,  and  that  it  is  not  in  man,  whose 
breath  b  in  his  nostrils,  to  direct  his  own  steps ;  shows  how  im- 
possible it  is  to  violate  any  even  of  the  Physical  Laws  of  the 
Almighty  with  impunity,  and  conduces  powerfully  therefore  to 
the  promotion  of  principles  of  Humility,  Devotion,  and  Obe- 
dience. 

25.  The  History  of  Chemistry.  The  History  of  Chemistry 
commences  with  the  first  efforts  of  man  to  appropriate  the  nat- 
ural world  to  his  use,  and  to  fabricate  out  of  rude  matter,  articles 
of  luxury  and  necessity.  A  practical  knowledge  of  the  chem- 
ical properties  of  common  substances  must  have  been  possessed 
from  the  earliest  ages,  by  all  persons  engaged  in  the  extraction 

28.  To  whae  kradm  and  professloos  i»  a  knowledge  of  its  principles  essential?  Why 
should  all  personii  desire  to  know  something  of  this  science  ? — 24.  What  ligtit  docs  it 
throw  npon  the  relations  of  Man  to  his  Cre-itor  ?  What  does  it  show  in  regard  to  th« 
ebanct«r  of  Qod  ?— 2D.  Trace  the  Uistory  of  Cliemistry. 
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of  metals  from  their  ores,  and  in  the  manufacture  of  soapf*,  dyed, 
and  glass.  The  art  of  making  leavened  bread  required  a  knowl- 
edge^of  practical  chemistry.  The  lighting  of  a  common  fire  is 
one  of  the  most  beautiful  and  striking  of  all  chemical  processes; 
and  the  earliest  chemist,  beyond  all  question,  was  the  man  who 
first  struck  a  spark  from  the  flint,  in  order  to  produce  flame. 
Experience  daily  added  to  the  stock  of  chemical  knowledge. 
In  the  course  of  time  this  knowledge  was  greatly  increased  by 
the  invention  of  ingenious  experiments,  and  by  the  researches 
of  the  Alchemists.  These  singular  men  pro.'essed  the  art  of 
converting  the  baser  metals  into  gold :  this  they  believed  could 
be  effected  by  means  of  the  Philosopher's  Stone,  which  they 
described  as  being  a  red  powder  having  a  very  peculiar  smelL 
They  also  entertained  the  opinion  that  there  was  a  great  similar- 
ity between  the  mode  of  purifying  gold  and  curing,  disease^ 
and  that  the  Philosopher's  Stone  was  also  an  Elixir  of  Life, 
by  the  use  of  which  the  existence  of  man  could  be  indefinitely 
prolonged.  But  it  was  not  until  about  the  year  1774  that  Cliem- 
islry  became  fairly  entitled  to  rank  among  the  Sciences,  when, 
in  the  hands  of  the  illustrious  Lavoisier,  the  Balance  was  called 
in,  for  the  purpose  of  applying  its  rigorous  test  to  the  results  of 
all  chemical  experimenta.  Since  that  time  its  progress  has 
been  rapid  and  brilliant;  and  hardly  any  names  shine  more 
brightly  on  the  rolls  of  fame,  than  those  of  the  Philosophers 
who  have  devoted  themselves  to  this  Science.  Priestley,  Caven- 
dish, Watt,  Lavoisier,  Davy,  Faraday,  and  Liebig,  possess  a  rep- 
utation limited  to  no  age  or  country. 

26.  Woiffht  anA  PMpdrtioii  of  &rt9t  Importance.  Modem 
Ghemistey  depends  npen  the  Use  of  the  Balance.  As  Chem- 
istry undertakes  to  teach  the  composition  of  matter,  it  not  only 
Inquires  that  the  different  substances  entering  into  a  compound 
should  be  pointed  out,  but  also  the  proportions  in  which  they 
combine.  This  demands  the  constant  use  of  the  Balance,  and 
renders  the  subject  of  weight  one  of  the  greatest  importance  to 
the  chemist  Nearly  all  the  great  chemical  truths  have  been 
rigorously  examined  and  tested  by  this  instrument,  and  it  is 
therefore  of  as  much  importance  to  the  chemist  as  the  telescope 
is  to  the  Astronomer.  It  is  constructed  with  the  greatest  accu- 
racy, and  so  much  importance  is  attached  to  its  indications,  that 
the  general  division  of  substances  into  Ponderable  and  Impon* 

25.  Who  weretbaAlehemiAto?— 23.  Ilotr  ij  the  subject  of  proportioD  connected  witta 
thmaiatrj'i    Why  tf  the  Balance  neoesMry  ?    How  should  H  be  constrnctea  7 
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derable  is  founded  upon  them,  the  former  class  embracing  ev- 
erything that  has,  the  latter,  everything  that  has  not  any  appre* 
ciable  weight 

27.  OthMT  Ayparatoi  refiiiraA  in  th«  Btmdf  of  Oh^mUtry^ 
Besides  the  balance,  the  most  important  apparatus  required  in 
chemistry  is  an  air  pump,  an  electrical  machine,  a  powerful 
gas  lamp,  alcohol  lamps,  a  platinum  crucible,  a  small  galvanic 
battery,  a  pneumatic  cistern,  bell  glasses  for  the  collection  of 
gases,  graduated  jars  for  their  measurement,  precipitate  glasses^ 
fl.^ks,  retorts,  glass  tubes  of  various  sizes,  India  rubber  bags 
and  tubings  all  of  which  may  be  obtained  at  no  great  expense ; 
and  there  is  no  one  who  may  not  very  easily  attain  such  a 
knowledge  of  the  science  as  to  be  able  to  add  something  to  the 
stuck  of  chemical  knowledge. 

28.  Th«  Pandaaaatel  Priacivto  of  OhmmUVty  is  th«  Iai«* 
•troetibillty  of  llattor.  The  roost  striking  of  all  Chemical 
phenomena  is  the  indestructibility  of  Maiter^  a  truth  verified 
only  by  the  constant  use  of  the  balance.  Whatever  changes 
may  be  made  in  the  appearance  and  form  of  matter  by  any 
chemical  process,  none  of  it  is  destroyed^  The  sum  of  all  the 
results  of  every  chemical  process  weighs  exactly  the  same  as 
the  sum  total  of  the  weight  of  all  the  matter  tlutt  entered  into 
the  process.  This  is  true  of  the  combustion  of  wood  and  coal 
in  air.  If  the  oool  be  weighed  on  the  one  hand,  and  on  the 
other,  the  air  which  surrounds  it,  and  which  serves  to  produce 
the  combustion,  it  can  be  proved  with  perfect  exactness  that 
the  sum  of  the  ashes  lefl,  Jand  of  the  water  and  gas  that  are 
formed,  is  equal  in  weight  to  the  sum  of  the  weights  of  the 
eoal  aiid  of  the  air  which  has  been  consumed.  When  mer* 
cury  is  heated  in  a  vessel  of  confined  air,  it  is  eventually  con* 
verted  into  a  mass  of  red  scales,  by  uniting  with  one  of  the 
elements  contained  in  the  air,  and  the  volume  of  the  air 
within  the  vessel  is  at  the  same  time  considerably  diminished. 
If  the  red  scales  be  now  weighed,  they  will  be  found  exactly 
equal  in  weight  to  the  sum  of  the  weights  of  the  mercury  and 
of  the  air,  which  have  disappeared ;  in  other  words,  the  weight 
of  the  compound  produced  is  exactly  equal  to  the  weight  of  the 
elements  which  have  combined  in  order  to  form  it.  All  chem- 
ical processes  may  therefore  be  expressed  in  the  form  of  an 

?6  What  is  the  dilTerrace  between  Ponderable  and  Imponder>*ble  Bnbutances  ?  27. 
What  other  appantas  is  required  beside*  th<*  balance?  ]»  it  within  the  power  of  all 
pcfraooi  to  acquire  a  koowlMga  cf  tfata  ideiicv?— SS.  WbaX  Is  Ham  ftmdaaMBtal  prinei^ 
pla  o(  elMoiiitry  ? 
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equation.  On  one  side  should  be  placed  all  the  substances  that 
enter  into  the  process ;  on  the  other,  all  the  results,  solid,  liquid, 
and  gaseous;  in  every  case,  these  are  eicactly  equal. to  each  other. 
The  principle  laid  down  by  Lavoisier,  and  established  by  the  use 
of  the  balance,  is,  that  in  Nature  nothing  is  lost,  and' 
NOTHING  created.  Substauccs  may  be  combined,  or  sepa- 
rated from  each  other;  but  whether  combined  or  separated, 
they  exactly  preserve  their  weight.  The  end,  therefore,  which 
chemistry  seeks  to  attain,  is  the  thorough  study  of  all  the  pon- 
derable matter  of  which  the  earth  consists,  whether  organic  or 
inorganic,  animal  or  vegetable,  mineral  or  metallic,  liquid  or 
gaseous.  Since  Lavoisier  conceived  the  happy  idea  of  introdu- 
cing the  balance  into  the  study  of  chemical  phenomena,  this 
science  has  advanced  with  steady  progress,  determining  the 
composition  and  ascertaining  the  mutual  relations  of  all  the  dif- 
ferent kinds  of  matter,  showing  that  they  are  composed  of  a 
comparatively  small  number  of  elementary  or  simple  substances, 
united  in  regular  proportions,  and  proving  that  the  great  chem- 
ical processes  unceasingly  going  on  in  Nature,  result  from  the 
action  of  these  simple  and  compound  substances  upon  each  other. 

29.  Simple  and  Compeimd  Snbitamees,  what  they  are.  A 
compound  substance  is  one  which  can  be  taken  to  pieces  and 
separated  into  two  or  more  distinct  substances  having  different 
properties :  thus.  Water  is  a  compound  substance,  and  may  be 
separated  into  two  gases,  Hydrogen  and  Oxygen,  one  of  which, 
Hydrogen,  is  inflammable,  and  much  lighter  than  the  air; 
the  other.  Oxygen,  not  itself  inflammable,  makes  combustible 
bodies  bum  with  great  fury  and  brilliancy,  and  is  heavier  than 
the  air.  Neither  Oxygen  nor  Hydrogen,  however,  can  be  sep- 
arated into  other  substances,  nor  can  any  other  substance  be 
extracted  from  them ;  consequently  they  are  called  Simple  sub- 
stances, or  Elements. 

30.  The  Weaning  of  the  Word,  Element.  When  it  is 
said  that  a  chemical  substance  is  an  Element,  it  is  only  meant 
that  so  far  as  we  at  present  know,  it  is  incapable  of  decompo- 
sition. Future  researches  may  show  that  many  of  those  now 
regarded  as  simple  substances  are  really  compound,  and  tliat 

28  How  may  all  chemical  proce^ws  be  expre^ved  in  the  form  of  an  Algebraic  Equti- 
tion  ?  What  great  principle  was  laid  down  by  Uiroiricr?  What  ha«  been  discovered  in 
reirardtothe  iHmple  and  compound  ftnbatances of  which  matter  i»  composed?- 29. 
What  tit  a  compound  rabetance?  Wluit  isaoimple  8ub«tance?  Illuotrate  this  differ- 
ence in  the  cum  of  water.  U  oxvgen  simple  or  compound  ?  Why  is  it  called  a  simple 
subHtance  ?— ^.  >Vhat  Is  an  element  ?  Are  we  absolutely  sure  that  any  substance  is  aa 
•lament? 
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06me  of  those  now  considered  compound  are  reallj  oimple. 
Chlorine  was  for  a  long  time  considered  a  compound  of  Oxygen 
and  Muriatic  acid ;  but  Davy  showed  that  it  is  truly  a  simple 
substance.  Potash,  on  the  other  hand,  was  universally  regarded 
as  a  simple  substance,  until  the  same  philosopher  proved  that  it 
was  composed  of  the  metal  Potassium,  and  Oxygen. 

31.  The  Nnmber  ef  the  Blements.  The  number  of  the  El- 
ements is  not  as  great  as  might  be  supposed.  Chemists  have  as 
yet  discovered  only  sixty-five.  Of  these,  fifteen  are  called  met- 
alloids the  remainder  are  metals.  The  metalloids  are  very 
extensively  diffused,  but  the  greater  part  of  the  metals  are  quite 
rare ;  not  more  than  one-third  are  used  in  the  arts,  and  some  of 
them  are  found  in  such  small  quantities  as  to  have  been  detected 
only  by  the  mo  4  refined  analysis.  The  list  of  the  elements  is 
steadily  increasing ;  four  new  metaL*,  Csesium,  Rubidium,  Tlialli- 
um.  and  Indium,  have  been  discovered  within  the  last  four  years, 

32.  Tho  CoAstitatioiiof  someof  the  most  Important  Cliem^ 
leal  Compoands.  By  the  steady  prosecution  of  chemical  re- 
search, the  composition  of  nearly  all  the  different  forms  of  mat- 
ter upon  the  earth  has  been  determined.  The  metals  are  all 
simple  subitances,  and  therefore  incapable  of  decomposition ;  so 
aUo  are  sulphur,  carbon,  phosphorus,  iodine,  bromine,  and  the 
gases,  oxygen,  hydrogen,  nitrogen,  and  chlorine.  Water  is  com- 
posed of  eight  parts  by  weight  of  oxygen,  and  one  part  by 
weight  of  hydrogen ;  air,  of  four-fifths  by  volume,  nitrogen,  and 
one-fifth  oxygen ;  sulphuric  acid,  of  sulphur  and  oxygen ;  sul- 
phurous acid,  also,  of  sulphur  and  oxygen,  but  less  oxygen  than 
the  preceding;  nitric  acid, of  nitrogen  and  oxygen;  nitrous  acid, 
of  nitrogen  and  oxygen,  but  less  oxygen  than  the  preceding; 
chloro-hydric  acid,  of  chlorine  and  hydrogen,  and  is  sometimes 
called  muriatic  acid ;  carbonic  acid,  of  carbon  and  oxygen,  and 
is  an  invisible  gas,  like  the  atmosphere ;  illuminating  gas  is  a 
compound  of  carbon  and  hydrogen ;  ammonia,  of  nitrogen  and 
hydrogen.  Potash  is  an  oxide  of  potassium,  and  is  composed 
of  oxygen  and  the  metal  potassium ;  soda  is  the  oxide  of  sodium, 
and  is  composed  of  the  metal  sodium  and  oxygen ;  lime  is  the 
oxide  of  calcium,  and  is  composed  of  the  metal  calcium  and 

81.  How  was  chlorine  fbrmerly  rffpirded  ?  Howls  it  nowreg^vded?  How  Is  potash 
re^anled  ? — 81  What  U  the  i  uinhvr  of  the  elements  ?  How  many  of  them  are  non- 
metallk  ?  How  many  are  ui«ed  \n  the  arts  ?  What  U  nid  In  regard  to  thHr  abnndnnre  ? 
IJUre  any  new  elements  been  re<-ently  discoTered?  What  are  they?  82.  What  is  the 
composition  of  water?  of  air  *  sulphuric  acid?  carbonic  acid?  sulpharoaa  acid?  nitrio 
add  *  nitrotu  add?  ehlofo-l^drie add f  mariatioacid?  carbooio  add?  potaah?  aoda! 
ikna? 
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oxygen.  The  (Compounds  of  oxygen  and  the  different  metals 
are  called  oxides:  thus,  there  is  the  oxide  of  mercury,  of 
iron,  of  lead,  of  tin ;  the  compounds  of  chlorine  and  the  metals 
are  called  chlorides,  as  the  chloride  of  sodium,  or  common  ^aIt, 
the  chloride  of  mercury,  or  corrosive  sublimate,  the  chloride  of 
ammonia,  or  sal  ammoniac;  the  compounds  of  iodine  with  the 
metals  are  called  iodides,  as  the  iodide  of  mercury,  the  iodide 
of  pota:»sium.  The  compounds  of  sulphuric  acid  with  the  differ* 
ent  metallic  oxides  are  called  sulphates,  as  the  sulphate  of  iron, 
composed  of  sulphuric  acid  and  oxide  of  iion;  sulphate  of  iime« 
of  sulphuric  acid  and  lime,  or  the  oxide  of  calcium;  sulphate  of 
soda,  of  sulphuric  acid  and  Foda.  or  the  oxide  of  sodium;  sul- 
phate of  potash,  of  sulphuric  add  and  potash,  or  the  oxide  of 
potassium*  The  compounds  of  nitric  acid  and  the  metallic  ox- 
ides are  called  nitrates,  as  the  nitrate  of  lead,  composed  of  nitric 
acid  and  oxide  of  lead ;  nitrate  of  iron,  of  nitric  acid  and  oxide 
of  iron.  The  compounds  of  chloro-hydric  acid  and  the  me- 
tallic oxides  are  called  chloro-hydrates,  as  the  chloro-hydrate  of 
iton,  composed  of  chloro-hydric  acid  and  oxide  of  iion;  chloio- 
hydrate  of  lime,  of  chloro-hydric  acid  and  lime,  or  the  oxide  of 
calcium.  The  compounds  of  carbonic  acid  and  the  metallic  ox- 
ides are  called  carbonates,  as  carbonate  of  potash,  compOFcd  of 
carbonic  acid  and  potash ;  carbonate  of  soda,  of  carbonic  acid 
and  soda;  carbonate  of  lime,  of  caibonic  acid  and  lime,  &c. 

33.  Chamical  Aflinity,  or  the  Force  by  Which  tho  SleaieBts 
are  vnitcd.  The  force  by  which  the  elements  are  united  into 
the  different  compounds  of  which  matter  chiefly  consists,  is  the 
force  of  Chemical  Attraction  or  Affinity.  There  is  no  element 
which  has  not  a  powerfiil  tendency  to  unite  with  others,  and 
this  is  the  reason  why  simple  substances  are  so  seldom  found 
uncombined  in  Nature.  This  tendency  is  not  possessed  by  them 
all  in  an  equal  degree,  and  hence  some  are  found  in  a  free  state 
much  nwre  frequently  than  others.  This  force  of  Affinity  differs 
both  from  Cohesion  and  from  Gravity.  It  differs  from  gravity, 
in  that  it  acts  at  insensible  distances.  It  differs  from  cohesion, 
in  that  it  tends  to  unite  only  particles  of  different  kinds,  while 
cohesion  tends  to  unite  particles  of  the  same  kind.  Thus, 
a  piece  of  marble  is  a  collection  of  small  particles  attached  to 

82.  What  It  tbe  componltlon  of  oilde  of  mercury  ?  oxide  of  Iron  ?  chloride  of  podlom  ? 
ml  Ammoniac?  chloride  of  mercury  ?  iodide  of  mercury  ?  nulphate  of  iron  ?  pulpbato 
of  lime?  nitrate  of  lead?  nitrate  of  ammonia^  cartxmate  of  notafth?  carbonate  of 
llme?~33.  What  In  the  fbrce  by  which  the  elements  ave  united?  Dewrlbe  thlf  fhrre. 
How  does  it  differ  firom  coheidoQ  ?  How  does  It  differ  from  gravity  ?  Iilu«tFat«  the  ni* 
ture  of  afinity  in  the  case  of  a  place  of  marble. 
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e2U*h  Other  hj  cohesion?  these  fll*e  called  iniefNx/d  particles^ 
and  each  of  them,  however  minate,  is  as  perfect  marble  as  the 
ma^  itself.  Each  of  these  integrant  particlest  however,  con* 
gists  of  three  distinct  substances,  calcium,  carbon  and  oxygen^ 
which  are  different  from  one  another,  as  well  as  from  marble, 
and  are  united  by  Affinity :  these  are  the  constituent  particles 
of  marble,  and  it  is  of  these  that  Affinity  has  the  exclusive  con- 
trol. The  study  of  this  force  is  essential  to  the  chemist,  and, 
indeed,  chemistry  may  be  defined,  the  science  wha^e  object  is, 
to  etamtne  t!he  reJatioxs  that  Affinity  establishes  between  bodies, 
ascertain  with  precision  the  nature  and  coostkiition  of  the  com- 
pounds it  produces,  and  determine  the  laws  by  which  ito  action 
b  regulated. 

34.  Tkd  Aettv*  AfttBtv  of  Cbeoilitry*  But,  while  Affinity 
is  th^  force  by  which  the  Elements  are  united,  it  u  itself  con- 
trolled and  modified  by  the  three  great  agents,  Heat,  Light,  and 
Electricity.  Thus,  the  electricity  produced  by  a  small  galvanic 
battery  can  effect  the  decomposition  of  waier,  a  firm  and  stable 
chemical  compound;  and  this  decompoung  action  of  the  battery 
is  not  limited  to  water,  but  extends  to  a  very  large  number  of 
compound  substances.  In  like  manner,  heat  will  decompose 
limestone,  or  the  carbonate  of  lime,  and  drive  off  the  carbonic 
acid;  it  will  also  decompo^  chlorate  of  potash,  oxide  of  mer- 
cury, oxide  of  manganese,  nitrate  of  potash,  and,  in  fact,  the 
larger  part  of  all  chemical  compounds.  Light,  though  acting 
with  less  intensity  than  the  two  preceding  agents,  nevertheleis 
produces  analogous  effects,  and  decompo^s  many  compound 
substances.  This  is  shown  in  a  striking  manner  in  its  destruc- 
tion of  the  colors  of  various  bodies,  and  especially  in  the  power 
Which  it  gives  to  the  leaves  of  pUuits  of  decomposing  carbonic 
acid.  Oil  the  other  hand,  these  agents  will  oflen  effect  the 
union  of  substances  which  under  ordinary  circumstances  refuse 
to  combine.  Thus,  oxygen  and  hydrogen  will  remain  uncom* 
bined  for  years,  though  mingled  in  the  same  vessel  in  proper 
combinmg  proportions;  but  if  the  smallest  particle  of  any  sub- 
Stance  in  active  inflammation  be  applied  to  the  mixture,  they 
will  unite  instantaneously  with  a  violent  detonation,  at  the  same 
time  forming  a  small  quantity  of  pure  water.  The  same  is  true 
'  of  carbon  and  oxygen,  which  will  remain  uncombined  for  ages, 
)  though  in  the  closest  proximity ;  but  if  the  smallest  particle  of 

S4     By  what  Is  Afllnitr  rontrofled?    What  m«  Um  ActlTe  Agentnof  ClitniUtiyt 
Oir*  MOM  tmUnffW  of  deoompoiltiuii  produced  bj  than :  of  comUnatioa. 
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the  carbon  be  heated  red-hot,  combination  will  immediatelj  en-, 
sue  and  proceed  with  the  greatest  intensity.  In  like  manner, 
electricity,  if  made  to  pass  through  a  mixture  of  oxygen  and 
hydrogen,  will  cause  them  to  unite  with  a  violent  explc^ion ;  and 
if  a  succession  of  eiectric  sparks  be  transmhted  through  a  mix- 
ture of  oxygen  and  nitrogen,  we  shuU  find  that  they  have  been 
made  to  combine  and  form  nitric  acid.  In  the  same  manner,  a 
beam  of  bright  sunlight,  allowed  to  fall  upon  a  mixture  of  equal 
volumes  of  chlorine  and  hydrogen,  will  cauFC  them  to  combine 
with  a  violent  explosion,  and  Ibrm  cWoro-hydric  acid.  It  is  evi- 
dent, tlierefore,  that  the  force  of  Affinity  is  to  a  great  extent 
under  the  control  of  these  agents,  and  it  is  in  their  application 
for  the  purpose  of  modifying  this  force,  that  the  chemical 
arts  chiefly  consist.  Their  nature  ought  therefore  to  be  thor* 
oughly  understood.  They  are  aho  cloeely  connected,  in  fome 
mysterious  manner,  with  the  constitution  of  matter,  so  that  this 
constitution  can  not  be  altered  without  their  manifestation.  They 
play  a  prominent  part  in  the  most  brilliant  phenomena  of  Ka- 
ture ;  they  meet  us  on  every  hand ;  they  are  everywhere  pres- 
ent, and  are  possessed,  therelbre,  of  a  paramount  interest.  Ko 
chemical  process,  whether  peribimcd  on  a  great  scale  in  Na- 
ture, or  on  a  small  scale  in  the  arts  or  in  the  laboratory,  can 
be  carried  on  without  the  development  or  the  action  of  ihes^e 
three  agents.  Thus,  in  the  experiments  already  described,  the 
rapidity  of  the  process  in  every  case  is  much  increased  by  the 
application  of  Heat.  In  some  of  them  great  Heat  is  produced; 
in  others,  currents  of  Electricity  are  set  in  motion ;  and  often- 
times the  result  of  both  is  the  production  of  vivid  Light. 

35.  The  Chemicml  Affamts,  Beat,  Idg^ht,  and  Eloctiieity, 
are  comtnenly  called  Im^nderables.  From  the  active  and 
energetic  nature  of  Heat,  Light,  and  Electricity,  they  are  called 
the  Chemical  Agents;  and  from  the  fact  that  they  ]h88.*s8  no 
appreciable  weight,  so  that  a  body  is  no  heavier  for  their  accu- 
mulation, or  lighter  for  their  abstraction,  they  are  named  the 
Imponderables.  They  can  not  be  confined  or  exhibited  in  a 
mass,  like  ordinary  bodies ;  and  can  only  be  collected  through 
the  intervention  of  other  substances.  Their  title  to  be  consid- 
ered material  is  therefore  questionable,  and  the  effects  produced 
by  them  have  accordingly  been  attributed  by  some  to  certain 

84.  Why  nhoald  them  nirents  be  thoronfchlv  understood  ?  I«  It  poocibie  to  changs 
the  conntftntinn  of  any  substnm*,  without  meeting  with  them  ?— ^  Whr  are  heat, 
l^ht  and  electricity  called  ImpoodttrabiM?  Uaatheirtitlt  to  bacalkd  material  cvar  beta 
qoMtioaedt 
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motions  or  afTections  of  common  matter.  By  some  they  are  con- 
sidered as  only  modes  of  motion^  and  as  convertible  into  each 
other ;  and  this  view  is  beginning,  of  late,  to  attract  considera- 
ble attention.  It  must  be  admitted,  however,  that  they  appear 
to  be  controlled  by  the  same  powers  which  act  on  matter  in 
general,  and  that  some  of  the  laws  which  have  been  determined 
concerning  them  are  exactly  such  as  might  have  been  anticipa- 
ted on  the  supposition  of  their  materiality.  Hence  it  follows 
that  we  need  only  regard  them  as  subtile  species  of  matter,  in 
order  that  the  phenomena  to  which  they  give  rise  may  be  ex- 
plained in  the  language  and  according  to  the  principles  which 
are  applied  to  material  substances  in  general ;  and  as  such  they 
will  be  considered  in  what  immediately  follows,  the  thorough 
di  Hussion  of  their  true  nature  being  reserved  until  we  have  bej- 
com«3  familiar  with  the  principal  facts  connected  with  them. 

35.  Tiio  Stady  of  ckemurkfy  ihould  bogin  with  tho  Chemi- 
cal Afeats.  As  Heat,  Light,  and  Electricity  exercise  a  control- 
ling influence  over  Affinity,  and  are  possessed  of  so  much  inter- 
est and  importance  in  the  explanation  of  chemical  phenomena, 
it  is  necessary  to  commence  the  study  of  this  science  with  an 
examination  of  their  principal  qualities.  We  can  then  pro- 
ceed to  the  study  of  the  composition  and  chemical  properties  of 
the  different  kinds  of  matter,  and  the  various  and  extraordinary 
ch mges  which  result  from  their  mutual  action. 

Chemistry  is  therefore  usually  divided  into  two  portions. 
The  first  treats  of  the  Chemical  Agents,  Heat,  Light,  and  Elec- 
tricity, and  is  commonly  called  Chemical  Physics ;  the  second, 
of  the  Chemical  properties  and  relations  of  the  various  kinds 
of  matter.  This  second  of  these  two  portions  is,  however,  itself 
also  divided  into  two  parts,  the  first  treating  of  the  chemical 
properties  of  the  Inorganic,  the  second  of  the  chemical  proper- 
ties of  Organic  matter.  The  general  arrangement  of  every 
complete  treatise  on  Chemistry  will  therefore  be  as  follows : — 

Part  L  Chemical  Physics:  Heat,  Light  and  Electricity. 

Part  II.  Inorganic  Chemistry.    Part  III.  Organic  Chemistry. 

This  treatise  is  devoted  exclusively  to  the  Ist  Part,  viz^ 
Chemical  Physics :  Heat,  Light  and  Electricity. 

Inorganic  and  Organic  Chemi^ttry  are  reserved  for  another 
volume. 

8>.  What  other  Ttew  Is  ttken  of  th«n  ?  Which  Ticw  meet*  with  tho  moit  fciTor  ? 
"Way  Is  it  oonTeolent  to  rwrard  them  m  mnterial  ?  What  view  Is  taken  of  them  In  the 
meMnt  work  ?  When  will  their  true  naturr  be  consklerad  ?— 8^.  With  what  should 
^e  4ttidr  of  chemistry  commenoe?  What  satiject  Immediately  succeeds  the  Chemleal 
Agents?  Into  how  mapy  parts  Is  chemistry  divided  ?  What  does  the  flrst  part  trext  of? 
W  ut  is  chemical  phyMcs  ?  What  does  the  second  part  treat  of?  What  U  tUe  gonend 
anangement?    Whatis  tbesul^tof  this  Tohunet 
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CHAPTER  IL 

THE  FIRST  CHEMICAL  AGENT: — HEAT. 

D1FFC8I01C  OF  HEAT:  BXPAKSION  :  LIQUEFACTIOW  :  BBrLLITlOIT  :  BVAF- 
OBATIUJI  :   8PIS01FIG  UkAT  :  lOUIlCkS  OF  UEAT  :  NATUHH  OF  HEAT. 

S  1.  — mRudonofBeat. 

37.  Tlie  Natiure  of  Haat*  Heat  is  known  only  from  its  e^ 
fects.  It  has  never  been  isolated,  or  completely  separated  from 
material  substances,  so  as  to  be  obtained  in  a  perfectly  pur^ 
and  uncombined  state,  and  consequently  its  :true  nature  is  alto- 
gether a  subject  of  inference  and  hypothesis.  There  are  two 
theories  in  regard  to  the  nature  of  Heat,  which  serve  with  nearly 
equal  completeness  to  explain  a'.l  the  phenomena  to  which  it 
gives  rise.  According  to  the  first,  Heat  is  material,  and  sub^ 
J3ct  to  all  the.  laws,  which  control  ordinary  matter.  It  is  re* 
garded  as  an  extremely  subtile  fluid,  pervading  all  space,  enter* 
ing  into  combination  with  bodies  in  different  proportions,  producing 
the  various  effects,  of  change  of  temperature,  expansion,  lique- 
faction and  vaporization.  The  second  theory  regards  it  as  the 
effect  of  undulation  or  vibration,  produced  either  in  the  constit* 
uent  molecules  of  bodies  themselves,  or  in  a  subtile  fluid  which 
per\'ades  them.  Modem  science  seems  to  lean  at  the  present 
moment  decidedly  towards  the  latter  of  these  theories ;  but  as 
the  former  is  simpler  and  more  easily  umlerstood,  and  greatly 
facilitates  the  demonstration  of  the  principal  properties  of  Heat, 
it  is  the  one  generally  preferred  for  the  explanation  of  the  effects 
which  are  produced  by  this  agent. 

38.  Boat  •ziats  ia  two  itatos.  Heat  exi  ts  in  two  states : 
first,  as  free  and  sensible ;  second,  as  combined  and  latent.  In  the 
fir.'^t  state  it  gives  rise  to  what  is  called  the  sensation  of  heat, 
affects  the  thermometer,  and  produces  all  the  familiar  results 
invariably  ascribed  to  its  agency :  in  the  second,  it  enters  into 
combination  with  bodies,  and  tends  to  alter  their  condition,  ])ro- 
ducing  the  liquefaction  of  solids,  and  converting  liquids  into 
Ya;)ors;  when  such  a  change  in  the  state  of  matter  is  accom- 
plished, a  large  amount  of  heat  disappears,  ceases  to  exhibit  its 
usual  properties,  and  seems  to  be  buried  and  lost,  in  the  body 

87.  AHiy  U  tb«  natare  of  Ilmt  hrpothetical  ?  State  the  flnt  theory  in  vegmrd  to  It. 
8tftt«  the  necond.  To  which  theory  <ioefl  Modern  Science  incline  ?~^.  In  what  two 
•tetee  does  Ueat  exist ! 
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in  question ;  in  this  second  state  it  is  called  heat  of  composition, 
or  Latent  Heat.  The  subject  of  the  combination  of  heat  with 
matter,  will  become  more  clear  as  we  proceed.  At  present  we 
shall  consider  only  the  properties,  which  lieat  possesses  in  its 
free  and  unco:nbineJ  state. 

.  39.  Biat  PrdJSTit  ia  an  B«dias.  Heat  seems  to  be  present 
in  all  bodies,  and  there  is  no  process  by  which  it  can  be  wholly 
abitracted  froji  any  substance :  for  however  cold  any  substance 
may  be,  if  it  be  carried  to  a  place  where  the  temperature  is 
still  lower,  it  will  aga'm  give  out  heat,  and  continue  to  do  so  until 
its  temperatj^  has  become  the  same  with  that  of  the  surround- 
ing medium.  Thus  if  a  piece  of  ice  at  zero  of  Fahrenheit's 
thermometer,  were  transported  to  any  region  where  the  temper- 
ature was  60*  below  zero,  it  would  begin  to  emit  heat,  and  con- 
tinue to  do  so  until  its  temperature  had  become  reduced  to  that 
of  the  8um)unding  air.  In  such  an  atmosphere,  the  ice  though 
at  0^  would  be  a  hot  body,  and  would  communicate  heat  to  all 
objects  in  its  vicinity.  Place  the  same  piece  of  ice,  thus  reduced 
to  a  tempei^ture  60*^  below  zero,  in  an  atmosphere  80°  below 
zero,  and  here  again,  compared  with  the  surrounding  medium, 
it  would  be  a  warm  body,  and  would  again  give  forth  heat,  until 
im  equilibrium  was  established  between  its  temperature  and 
that  of  the  objects  around  it.  As  this  process  might  be  carried 
on  without  limit,  it  is  quite  clear  that  heat  is  present  in  all 
holies,  however  cold,  and  can  not  be  entirely  abstracted  from 
any  subitance. 

40.  Bsat  and  Cold  ar«  R«lativa  Terms.  No  body  is  hot 
or  cold*  absolutely  of  itself,  but  only  so,  in  comparison  with  other 
bodies  near  or  in  contact  with  it.  So  far  as  our  sensations  arc  con- 
cerned, heat  and  cold  depend  upon  circumstances.  The  same 
msdium  will  feel  warm  at  one  time,  and  cold  at  another,  though 
possessing  the  same  temperature,  depending  upon  the  varying 
temperature  of  our  own  bodies.  Thus  the  air  of  a  cellar,  the 
temperature  of  which  is  very  nearly  the  same  both  in  winter  and 
summer,  will  feel  cool  when  we  enter  it  on  a  warm  summer's 
day,  but  warm  on  a  cold  day  in  winter.  A  traveler  descending 
from  the  summit  of  Mount  Etna,  will  find  his  garments  uncom- 
fortably warm,  when  half  way  down,  while  at  the  very  same 

Steto  wbai  to  meant  bj  nensible  Heat,  bj  hent  of  campoAltton,  or  Latent  llc^t. — 
Which  fit»te  of  float  do  we  coiwider  at  preieat?— 3d.  Show  that  Ilent  u  present  ia  aU 
bo<lie«,  however  cold. — 10.  Show  why  heat  and  oold  are  relative  tenn«  Exphdn  why  a 
medlnm  of  the  same  temperature  w^U  feel  hot  at  one  time  and  cold  at  another.  Gihf 
the  Uitutration  of  a  traTeler  ou  Mount  JStoa. 
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place  another  traveler,  ascending  the  mountain  from  the  warm 
regions  below,  will  find  the  air  inconveniently  cool,  and  will 
wrap  his  garments  more  closely  about  him. 

The  White  Bear,  from  Greenland,  and  the  Elephant,  from 
Hindostan,  are  seen  to  suffer,  the  one  Irom  heat,  and  the  other 
from  cold,  in  the  atmosphere  of  the  same  menagerie.  Even  to 
the  same  person,  the  same  temperature  may  seem  both  hot  and 
cold  at  the  same  moment.  Thus  if  one  hand  be  placed  in  water 
at  40°  and  the  other  in 
water  at  1 50**,  and  then  ^-  ^ 

both  hands  be  plunged 

together    into   a  third      ^^t/tdLJ^^M^^XSU^'^* 
vessel,   in    which    the 
water  is  at    90**,   one 

hand  will  experience  a  Sensations  of  Heat  Relative. 

sensation  of  heat,  and 

the  other  of  cold,  though  the  temperature  to  which  both  are 

exposed,  is  the  same.    Fi^,  2. 

41.  Beat,  the  Repnliiva  Principle  of  Blatter,  and  oppoired 
to  Cohesion.  Heat  is  the  great  repulsive  principle  of  Nature, 
and  tends  to  separate  the  molecules,  and  consequently  increase 
the  dimensions  of  every  substance  into  which  it  is  introduced. 

It  is  opposed  to  cohesion  or  that  force  which  tends  to  draw 
the  particles  of  substances  together,  and  to  bind  them  dorely  to 
each  other ;  and  it  is  upon  the  relative  strength  of  these  two 
forces  that  the  condition  of  matter  as  solid,  liquid  and  gar  ecus, 
depends.  When  cohesion'  predominates  over  heat,  the  body 
has  the  form  of  a  solid ;  wiien  they  are  of  nearly  equal  strr ngth, 
the  solid  is  converted  into  a  liquid ;  and  when  heat  predominates 
over  cohesion,  the  gaseous  state  results.  As  we  have  the  means 
of  increasing  and  diminishing  the  heat  of  a  body  within  a  very 
wide  range,  and  therefore  of  changing  at  will  the  strength  of 
the  repulsive  principle,  the  form  of  most  kinds  of  matter  may 
be  varied  at  pleasure  :  solids  can  be  converted  into  gases,  and 
ga^es  into  solids  :  snow  and  ice  changed  into  steam — an  invis- 
ible vapor ;  and,  on  the  other  hand,  carbonic  acid,  an  invisible 
gas,  condensed  into  a  white,  flaky  solid,  in  appearance  resem- 
bling snow. 

42.  Beat  tende  to  an  Bqnilibrinm.  One  of  the  most  obvi- 
ous properties  of  heat  is  its  tendency  to  an  equilibrium,  tliat  is, 

Of  the  Polar  Bear  and  the  RIephant  Gire  the  niustntloD  of  the  two  handt  plarcd 
In  a  central  bowl  of  water  at  90^  —41.  Whj  In  heat  called  the  repuMre  principle? 
To  what  force  is  it  opposed?  Show  how  the  state  of  bodies  as  solid.  Hquid,  and  i^a*. 
eous  depends  upon  the  balance  between  beat  and  cobedon.— 41.  Wbat  is  the  obTkNU 
property  of  heat  ? 
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iu  disposition  to  pa-s  from  a  hot  body  to  those  colder  than  itself. 
Thus  if  se vend  bodies  of  ditl'erent  tempenitures  be  placed  in  the 
same  room,  the  warmer  body  will  continue  to  impart  its  heat  to 
thoie  which  are  colder,  until  they  all  indicate  the  same  tempe- 
rature by  the  thermometer.  This  tendency  to  an  equilibrium 
is  so  strong  that  it  is  impossible  to  maintain  the  temperature  of 
any  body  permanently  above  that  of  the  medium  in  which  it 
is  placed.  As  soon  as  heat  accumulates  in  any  body,  it  imme- 
diately begins  to  diffuse  itself  through  the  matter  which  sur- 
rounds it. 

43.  Tiirae  Modes  in  which  Beat  leehB  an  Bqnilihrinm. 
Heat  attains  this  equilibrium  in  three  diflerent  ways :  1st.  By 
Conduction,  This  takes  place  only  in  solids.  Thus  when  an 
iron  b-ir  is  heated  at  one  end,  the  heat  passes  from  particle  to 
particle  throigh  the  whole  bar,  until  every  part  has  reached  the 
sa.ne  temperature.  2d.  By  Convection.  This  takes  place  only 
in  the  liquids  and  ga^es.  In  these,  every  particle  is  in  turn 
brought  into  contact  with  the  portion  of  the  vessel  where  the 
he:it  is  applied,  until  they  have  all  attained  the  same  temperature. 
3d.  By  BadicUtoH,  In  this  case  the  heat  darts  through  an  ap- 
preciable space,  and  so  passes  from  a  hot  body  to  one  at  a  con- 
siderable distance.  By  this  process  a  hot  stove  sends  forth  rays 
of  heat  in  every  direction,  that  pass  through  the  air  without 
heating  it,  but  raise  the  temperature  of  all  bodies  upon  which 

Fig.  & 


Conduction   Gradual. 


What  \*  the  effect  of  thi.*  tendency  ?  -43.  Wkat  are  the  modefl  in  which  Ueat  seeks 
a  equilibrium?  Deflcribe them. 
2 
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they  strike.  In  like  manner  the  earlh  is  wanned  by  rays 
winch  emanate  from  the  sun,  and  have  passed  thiougli  the  air 
without  mising  its  temperature. 

44.  First  Mode  in  which  Beat  is  Diflfnsed.— Conduction. 
When  h^at  is  conducted  through  bodies,  it  does  not  flush  through 
them  instantaneously,  like  electricity,  but  passes  successively  from 
particle  to  particle,  requiiing  an  appreciable  time  for  the  pas- 
sage. In  the  accompanying  figure  there  is  a  bar  of  iron,  having  a 
lamp  at  one  extremity.  Upon  the  upper  sui-face  are  arranged 
small  bits  of  Phosphorus,  at  equal  intervals;  on  the  lower  a 
number  of  marbles  have  been  attached  by  bits  of  wax.  The 
marbles  do  not  all  drop  at  the  same  time,  nor  do  the  bits 
of  Phosphorus  take  fire  at  the  Fame  instant,  but  successively ; 
and  this  shows  that  the  passage  of  the  heat  is  gradual.    Fig,  3. 

45.  Bodies  Differ  in  CondnctinsT  Power.  Heat  passes 
through  different  bodies  with  different  degrees  of  rapidity. 
Some  permit  it  to  pass  through  them  quite  rapidly ;  others  only 
very  slowly,  and  some  almost 
entirely  intercept  its  passage. 
Thus,  one  can  haixlly  hold  a 
brass  pin  for  a  momejit,  in  the 
flame  of  a  lamp,  without  burn- 
ing his  fingers,  while  a  piece  of 
ghiss  of  the  same  size,  may  have 
one  of  its  ends  melted,  without 
warming  the  other.  This  can 
be  proved  by  holding  a  bit  of 
iron  wire  by  one  hand  and  a 
piece  of  glass  rod  by  the  other, 
in  the  flame  of  a  spirit  lamp.     Fig,  4. 

46.  TJie  same  fact  can  be  very 
plainly  shown  by  the  apparatus,  rep- 
resented in  Fig,  5.  Rods  of  dif- 
ferent sub  tances  of  the  same  size 
and  length,  are  covered  with  wax,  to 
the  distance  of  an  inch  from  their 
free  extremities,  tipped  with  little 
bits  of  phosphorus,  and  then  inserted 
into  sockets  upon  the  side  of  a  bra.*s 
_  vessel,  filled   with  hot  water.     The 

Diferenre  in  Conducting  Power    pho^pllOrUS  is    inflamed,  and  the  WaX 

44  Show  thnt  in  conduction,  hoot  pipres*  fWrni  pnrticle  io  pHrtlcte.  Describe  ilg.  3, 
45    Prove  liiat  bodies  dilTer  ia  couductiug  power.— -46.  Describe  Jb'ig.  5. 
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Fig.   6. 
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commences  malting  upon  the  different  rods  at  different  intervals 
oK  time ;  upon  the  best  conduc.or  first,  and  successively  upon 
the  others,  in  the  order  of  their  conducting  power. 

47.  Dansity  Favorable  to  Condaction.  Bodies  which  are 
mo^t  dense  are  generally  the  best  conductors.  Thus  the  metals 
conduct  better  than  stones ;  stones  better  than  earth  ;  earth  bet- 
ter than  wood ;  and  wood  better  than  charcoal,  cloth  or  paper. 
But  sometinics  there  is  no  relation  between  the  density  of  the 
body,  and  its  power  to  conduct  heat  Thus,  platinum  is  the 
most  dense  of  the  metals,  but  it  is  not  by  any  means  the  best 
conductor  amoVig  them,  and  glass  is  a  worse  conductor  than 
many  substances  of  mucH  less  density.        * 

48.  Relative  Condactiiisr  Power  of  the  Metals.  The  fol- 
lowing t^ble  presents  the  results  of  a  series  of  careful  experi- 
ments by  M .  Despretz,  in  regard  to  the  conducting  power  of 
the  metals  and  some  other  substance^.  The  substances  em- 
ployed were  made  into  prisms  of  the  same  form  and  size.  At 
one  extremity  heat  was  applied  from  the  same  source,  and  its 
passage  along  the  prism  in  each  case  was  estimated  by  small 
thermometers,  placed  in  holes  drilled  at  regular  intervals,  and 
filled  with  mercury. 

Desprets^  Table  of  Conductivity  Jbr  Heat, 

Gold,   ....  1000  Tin,    .  .  .  .304 

PUttaum,  .  .            .981  Steel,        .            .            .218 

Silver,  .            .            .978  Lead,  .            .            .179 

Copper,       .  .             .898  Marble,    .                          .             24 

BraM,  .             .             .441  Porcelain,  .             .             .12 

Iron,           .  .            .           874  Brick-clay,            .            .11 

Zinc,    .  .            .            .843 

49.  The  succeeding  table  of  the  conduction  of  heat  com- 
pared with  conduction  of  electricity,  was  prepared  by  MM. 
Wiedemann  and  Franz.  Their  apparatus  was  arranged  in  the 
sime  manner  as  that  of  M.  Despretz,  except  that  instead  of 
estimating  the  progress  of  the  heat  by  thermometers,  it  was 
done  by  a  small  thermo-electric  pile,  tho  most  delicate  known 
instrument  for  measuring  heat,  to  be  described  hereafter.  The 
remits  that  they  reached  were  very  diJerent  from  thoje  of  M. 

47  To  what  other  property  tn  bodies  !«  ronduetfon  generally  proportioned. — 43.  Deiu 
eribe  tbe  apparjitiu  of  Daipretx  for  determiuio^  comlaotioa.  Give  Ma  table  of 
ooadaction. 
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Despretz,  and  showed  that  the  conducting  power  of  the  mefals 
for  heat,  is  very  nearly  the  same  as"  their  conducting  power  for 
electricity,  and  that  the  conducting  power  of  Platinum,  notwith- 
standing its  great  density,  is  very  low. 


X  IMUtC 

ty     wf«iK^.t/* 

u/un  uuu  J 

vr  jj^teariciiy. 

Heat 

Electricity 

Silver,  . 

•            • 

.     100 

.    i(.o 

Copper, 

,            , 

74       . 

73 

Gold,     . 

•            • 

.       58 

.       59 

Brasa, 

•            • 

24       . 

22 

Tiu,       . 

,            , 

.       15 

.       23 

Ii-on, 

•            • 

12       . 

13 

Lead,    . 

,            , 

9 

.     n 

Platinum, 

^            , 

8       . 

10 

German  Silver, 

6 

6 

Bismuth, 

,            , 

2      . 

.             .               2 

50.  Porons  Bodies  Bad  Condacton .  Solid  substances  con- 
duct heat  in  all  directions,  whether  upward,  downward,  or  .^^ide- 
ways,  wilh  nearly  equal  facility.  A  notable  exception  to  this 
is  seen  in  the  case  of  certain  crystal.^,  such  as  quartz,  which 
conduct  heat  with  greater  fa?ility  in  the  direction  of  their  optic 
axis,  or  of  their  greatest  length,  than  at  right  angles  to  it. 
Wood  is  also  said  to  conduct  heat  with  greater  rapidity  in  Fome 
directions  than  in  others,  and  more  easily  with  the  gialn  than 
across  it.  Of  all  solids,  those  which  are  n^ost  porous  conduct 
heat  with  the  least  rapidity.  On  this  account  flannel  is  warmer 
in  winter  than  silk  or  linen.  It  is  owing  to  the  air,  which 
loose,  spongy  substances  contain,  that  they  resi^^t  the  passage  of 
heat  better  th^n  those  of  a  closer  texture. '  Thus  eider-down, 
and  fur,  make  the  warmest  cloihing,  because  they  contain  the 
most  air  in  their  interstices,  and  for  the  same  reason  cotton 
batting  is  much  warmer  than  the  same  weight  of  cotton  cloth. 

Some  curious  experiments  were  made  by  Count  Rumiord  in 
1792,  for  the  purpose  of  ascertaining  the  relative  conducting 
power  of  materials  used  for  clothing.  He  arranged  a  ther- 
mometer in  the  interior  of  a  glass  cylinder,  having  a  bulb  blown 
at  one  extremity,  in  such  a  manner  that  the  bulb  of  the  thcr- 

49.  What  did  Wiedenmon  and  Fnns  ascertain  in  rpoard  to  the  roodurtinK  power  of 
bodiefl  for heut  and  electricity  ?  GIto  tlicir  table.  Do  aU  bodies  conduct  heot  with  tquai 
ticiiity  in  all  directionti?  Olve  the  exceptions  to  this  rule.— ^.  What  iiind  of  roi:tluc> 
ton  are  porous  IxMiles?  To  wliat  is  th^ir  non-conducting  power  due  ?  DeFcril>«  Count 
UumlbrU^s  experiments  upon  ttic  relative  value  of  subetancef  used  for  clotbiug. 
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mometer  occupied  exactly  the  centre  of  the  bulb  of  the  cylin- 
dar,  aad  filled  the  space  between  them  with  the  ^ubstiinces  to 
be  examined.  The  apparatus  was  then  dipped  in  bo  ling 
Water,  until  the  thermometer  marked  212°  in  every  case;  it 
was  then  transferred  to  melting  ice,  and  the  exact  time  con- 
sumed during  the  sinking  of  the  thermometer  through  135° 
noted.  Whe.i  there  was  nothing  but  air  between  the  thermom- 
eter and  the  cylinder,  the  cooling  took  place  in  576  seconds: 
whan  tha  space  wai  filled  with  twisted  silk,  in  917 ';  with  fine 
lint,  in  1032';  with  cotton  wool,  in  1046';  with  sheep's 
wodI,  in  1118  ' ;  with  raw  silk,  in  1284' ;  with  beaver's  fur,  in 
1236' ;  with  eider  down,  in  1305";  with  hare's  fur,  in  1315\ 
Tne  general  practice  of  mankind  is,  therefore,  fully  justified 
by  experiment.  In  winter,  the  animal  heat  is  retained  as  much 
a>  poisible  by  covering  the  body  with  bad  conductors,  such  as 
woolen  stuffs,  furs,  and  eider-down  ;  while  in  summer,  cotton  or 
line^  is  used  for  the  purpose  of  increasing  as  much  as  possible 
the  escape  of  heat. 

The  imperfect  conducting  power  of  snow  also  arises  from  the 
above  cause.  When  newly  fallen,  a  great  proportion  of  its 
bulk  consists  of  the  air  which  it  contains,  as  may  be  readily 
proved  by  the  comparatively  small  quantity  of  water  it  produces 
when  melted.  Such  a  provision  was  designed  for  the  benefit  of 
ma  1,  in  preventing  the  destruction,  during  the  cold  of  winter,  of 
delicate  shoots  and  roots  imbedded  in  the  earth.  Farmers,  in 
cold  climates,  always  lament  the  absence  of  snow  in  winter,  be^ 
cau^e  a?  a  consequence,  the  frost  penetrates  to  a  great  dep:h, 
and  does  much  injury  to  the  grain  sown  the  previous  autumn. 
So  great  is  the  protecting  effect  of  snow,  that  in  Siberia,  it  is 
said,  when  the  tempomture  of  the  air  has  beSn  70 '  below  the 
freezing  point,  that  of  the  earth,  under  the  snow,  has  seldom^ 
been  colder  than  32°.  It  has  also  been  often  observed  that  the 
heaving  of  the  ground  by  frost  is  much  leas  when  it  is  protected 
by  snow,  than  when  it  is  uncovered  and  exposed.  For  the 
same  reason,  many  substances  which,  in  the  solid  state,  are 
quite  good  conductors  of  heat,  when  reduced  to  powder,  become 
very  poor  conductors.  Thus  rock  crystal  is  a  better  conductor 
'than  bismuth  or  lead ;  but  if  the  crystal  be  reduced  to  powder, 
the  passage  of  heat  through  it  is  exceedingly  slow.  Rock  salt, 
when  in  the  solid  state,  allows  heat  to  pass  through  it  with 

GiTe  his  rasults.    To  what  is  tho  non-conducUng  power  of  snow  owii^(  ?    What  li 
the  eject  of  pulTorixation  on  coadactioa? 
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great  facility,  but  common  table  salt  in  fine  powder  obstructs. 
Its  paifUge  almost  entirely.  Sawdust,  powerfully  compiesFed, 
a. lows  heat  to  pa  s  through  it  with  the  same  lacili  y  as  eoiid 
wood  Of*  the  same  kind,  but  when  loose  and  uuconiined,  it  is 
one  of  the  poorest  conductoi-s  kuown. 

51.  lUaatratioaj  of  Condnctiaa.  Our  ordinary  sensations 
every  day  convince  us  of  the  different  powers  of  various  sub- 
stances to  conduct  heat.  In  the  winter  the  articles  in  a  cold 
ro  )m  impart  very  different  seui^ations  to  the  hand.  A  pair  of 
tongs  will  CO  id-ict  away  so  much  heat  as  to  give  a  painful 
sen  ation  of  cold ;  while  a  piece  of  fur  or  flannel,  scarcely  feels 
cold  at  all,  and  yet  both  are  of  the  £ame  temperature,  when 
tested  by  the  thermometer. 

A  piece  of  anthracite  coal  lighted  at  one  end,  can  not  be 
touclied  with  impunity,  even  at  the  distance  of  six  inches  irom 
the  Fource  of  heat,  while  a  piece  of  burning  charcoal  or  of 
flaming  wood  may  be  held  without  any  sensation  of  heat  at  the 
distance  of  only  1-20  of  aa  inch  from  the  flame.  Hot  waler  in 
an  earthen  pitcher  will  feel  only  moderately  warm  on  account 
of  the  poor  conducting  power  of  the  earthy  material  which  con- 
tain:^ it,  while  the  same  water  poured  into  a  tin  cup  held  firmly 
in  the  hand,  will  be  found  too  hot  to  be  endured,  on  account  of 
the  excellent  conducting  power  of  the  tin.  A  saucepan,  having 
an  iron  handle,  can  with  difficulty  be  removed  from  the  fiie 
with  the  naked  hand,  while  if  it  be  provided  with  a  handle  of 
wood  it  can  be  moved  with  case.  The  large  amount  of  iron 
required  for  castings  of  great  size,  is  often  more  than  can 
be  melted  in  a  furnace  at  one  heating.  As  each  ^uccet^sive  fur- 
nace full  is  melted,  it  is  emptied  into  a  large  iron  vessel  ele\atcd 
several  feet  above  the  ground,  and  having  a  conduit,  which  may 
be  opened  at  pleasure,  leading  from  the  lower  part  to  the  mould 
embedded  in  the  earth.  This  vessel  has  a  lining  of  clay  or  fire 
brick,  and  the  melted  iron  is  also  covei-ed  with  a  layer  of  fine 
charcoal.  In  consequence  of  the  extremely  poor  conducting 
power  of  this  substance,  and  of  the  earthen  lining  juht  described, 
the  melted  iron  may  be  preserved  in  a  liquid  state  for  several 
hours,  until  a  sufficient  quantity  has  been  accumulated  to  make 
any  casting,  however  large. 

52.  Applications  in  the  Arts.  These  principles  admit  of  many 
useful  applic*ations  in  the  arts,  and  explain  many  natural  phe- 

51.  Give  illuitrfttioiii  of  conduction— the  tonga — the  carpet    anthracite  coal— Un  cup 
of  hot  water— iroa  furnace  lined  with  fire-brick. 
I 
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nomena.  Thus,  stoves  are  lined  with  fire  brick,  of  bad.  conduct- 
ing power,  for  the  purpose  of  ^eventjig  the  iron  covering  from 
being  heated  too  hot.  Furnaces  are  lined  with  the  same  mate- 
rial to  prevent  the  heat  from  escaping ;  houses  are  built  of  non- 
conducting materials ;  locomotive  boilers  and  cylinders  are  pi*o- 
vided  with  casings  of  wood ;  steam-pipes  are  bound  with  can- 
vas ;  instruments  used  in  the  fire  are  provided  with  wooden 
handles ;  tea-pots  are  made  of  earthern-ware,  or,  if  of  metal, 
are  handled  with  woolen  holders ;  and,  in  the  best  of  them,  the 
metallic  handles  are  separated  from  the  body  of  the  vessel  by 
bits  of  ivory,  (an  excellent  non-conductor,)  for  the  purpose  of 
preventing  the  transmission  of  the  heat.  On  the  same  princi- 
ple, metallic  articles  exposed  to  a  very  low  temperature  are 
never  handled  without  woolen  or  leather  glove?,  lest  the  heat 
of  the  hand  should  be  too  rapidly  abstracted  ;  or,  if  so  handled, 
they  are  provided  with  leather  or  woolen  coverings  of  their 
own. 

53.  Sand,  an  excellent  non-conductor,  is  placed  beneath  the 
hearths  of  fire-places,  to  guard  against  accidents  by  fire.  At 
the  siege  of  Gibraltar,  the  red-hot  balls  fired  by  the  English, 
were  carried  from  the  furnaces  to  the  guns  in  wooden  wheel- 
barrows protected  only  by  a  thin  covering  of  sand.  Ice  is  pre- 
vented froai  malting  in  summer  by  wrappers  of  flannel.  It  is 
also  exported  to  warm  countries,  and  conveyed  to  the  most  dis- 
tant portions  of  the  earth,  packed  in  saw-dust  and  shavings. 

Refrigerators  are  provided  with  double  walls,  between  which 
are  enclosed  shavings  of  cork  or  powdered  charcoal.  Fire 
proof  safes  have  also  double  walls,  the  space  between  them  be- 
ing filled  with  ground  plaster  of  Paris.  Near  the  summit  of 
Mount  Etna,  ice  has  been  discovered  beneath  currents  of  lava, 
which  have  poured  over  it  in  an  incandescent  state.  It 
was  prevented  from  melting  only  by  a  thin  layer  of  volcanic 
sand.  The  ice  gatherers  of  the  same  mountain,  export  their 
ice  to  Malta,  and  distribute  it  tlux)ugh  Sicily,  protected  by  en- 
velopes of  coarse  straw  matting.  Asbestos,  a  fibrous  mineral 
substance,  is  woven  into  an  incombustible  cloth  of  such  poor 
conducting  power  that  red  hot  iron  may  be  handled  with  gloves 
made  of  iL 

Glass  is  another  excellent  non-conductor ;  and  a  glass  tum- 
bler filled  with  hot  water  may  be  handled  with  impunity,  when 

52   State  some  of  the  applications  In  the  arts :  stores,  fVimaces,  locomotiTe  boilers, 
1^.-68.  Cannon  balls,  how  kept  red-hot?    loe,   how  prerented  from  melting? 
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a  metallic  vessel  filled  with  therf?ame,  would  severely  burn  the 
hand.  This  property  of  glass  exposes  it  to  the  danger  of  crack- 
ing when  suddenly  heated.  The  surface  immediately  in  con- 
tact with  the  source  of  heat  expands ;  but  the  non-conducting 
power  of  the  glass  preventing  the  heat  from  passing  inward,  the 
inner  portions  remain  in  their  unexpanded  state,  and,  as  a  con- 
sequence, a  violent  separation  of  one  from  the 'other  is  apt  to 
take  place.  On  this  account,  glass  ought  never  to  be  suddenly 
exposed  to  a  high  degree  of  heat.  Both  surfaces  should  be 
heated,  if  possible,  at  the  same  moment,  and  when  once  thor- 
oughly heated  through,  the  glass  should  never  be  touched  with 
any  cold  metallic  substance  by  which  the  heat,  at  a  particular 
point,  might  be  suddenly  abstracted.  This  is  the  reason  why 
heated  glass  and  earthen  vessels,  filled  with  hot  substances,  are 
often  broken  by  being  heedlessly  placed  upon  the  head  of  a  nail 
which  happens  to  project  from  the  wooden  floor. 

So  poor  is  the  conducting  power  of  glass,  that  a  large,  red- 
hot  molten  mass  of  it  may  be  ladled  into  cold  water,  and  the 
interior  remain  visibly  red-hot  for  several  hours ;  and  if  a 
large  crucible  full  of  melted  glass  has  once  solidified  by  the 
decline  of  the  fire,  it  is  almost  impossible  to  melt  it  again. 
For  the  same  reason,  the  vitreous  matter  of  which  lava  is  com- 
posed is  a  long  time  in  cooling,  and  its  heat  is  given  out  so 
slowly  that  many  months  after  its  irruption,  eggs  may  be  cooked, 
and  water  boiled,  in  the  crevices  with  which  it  is  filled. 

54.  Animals  and  Planta  Protected  from  the  Cold  by  non- 
conducting* Coverings.  Nature  also  makes  use  of  the  same 
principles  in  her  operations.  Animals  are  protected  against 
the  excessive  cold  of  winter,  which  tends  to  reduce  their 
temperature  to  such  a  degree  as  to  destroy  life,  by  thick  furs, 
an  excellent  non-conductor,  while  in  summer  these  are  ex- 
changed for  thinner  coverings. 

Birds,  which  from  their  rapid  and  lofty  flight,  are  especially 
exposed  to  a  dangerous  reduction  of  temperature,  are  covered 
with  feathers,  and  often  beneath  the  feathers,  with  fine  down, 
which  is  one  of  the  most  perfect  non-conductors  known.  -  The 
vegetable  kingdom  supplies  illXistrations  of  the  same  principle. 
It  has  been  found  that  wood,  always  a  poor  conductor,  opposes 
much  greater  resistance  to  the  passage  of  heat  in  a  direction 

Tllustrate  the  non-oondnctlng  power  of  glaas.  Explain  how  glans  may  remain  red- 
hot  in  water.— &4  How  are  animals  protected  from  the  cold  of  winter?  Whatisth« 
advantage  of  the  nonconducting  power  of  wood  and  bark  ? 
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across  the  grain,  that  is,  from  the  centre  toward  the  hark,  than 
in  the  direction  of  its  length ;  it  is,  therefore,  difficult  for  the 
heat  to  escape  from  a  tree,  even  in  the  coldest  weather ;  and 
generally  the  temperature  of  the  interior,  near  the  pilh,  is  much 
higher  than  that  of  the  cold  air  on  the  outside.  This  may  be 
shown  by  boring  a  hole  into  the  centre  of  a  tree,  on  a  cold 
winter's  day,  and  inserting  a  thennometer.  Indeed,  one  of  the 
most  important  offices  of  the  bark  is  to  confine  the  heat  as  much 
as  po^ible,  to  the  interior  of  the  tree ;  and  so,  instead  of  being 
dense  and  firm  like  the  woody  fibre  beneath,  it  is  porous  and 
spongy  in  its  texture,  so  as  to  enclose  a  large  amount  of  air. 
A  tree  stripped  of  its  bark,  is  liable  to  perish  from  loss  of  heat, 
like  an  animal  stripped  of  its  fur,  or  a  bird  of  its  plumage. 
The  general  eflfect  of  this  provision  of  nature  is  to  maintain  the 
tree  at  a  uniform  temperature,  both  in  winter  and  summer.  In 
the  case  of  young  and  tender  trees,  it  is  usual  to  surround  them 
with  an  external  covering  of  straw,  for  the  purpose  of  still  fur- 
,  ther  confining  the  heat,  and  guarding  them  against  the  effects 
of  severe  cold.  For  the  same  reason  this  substance  is  placed 
upon  garden  beds,  in  order  to  protect  the  flowering  plants  and 
roots. 

55.  Liqnidfl  are  Poor  Condustors  of  Beat.   Liquids  are  ex- 
ceedingly poor  conductors  of  heat,  and  have  even  been  thought 
to  possess  no  conducting  power  whatever.     Their  slight  conduct- 
ing power  may  be  shown  in  the  following 
^^5"  ^'  manner.     Into  a  vessel  of  water,  whoic 

temperature  has  been  carefully  determined 
by  a  thermometer,  pour  a  little  sulphuric 
ether.  In  consequence  of  the  superior 
lightness  of  this  liquid,  it  will  float  upon 
the  surface  of  the  water,  without  mingling 
with  it.  Now  apply  a  lighted  match,  and 
when  the  flame  of  the  burning  ether  has 
entirely  gone  out,  the  water  wUl  be  found 
to  possess  precisely  the  same  temperature 
as  before,  which  could  not  be  the  case  if 
it  po^se^sed  any  power  of  conducting  heat 
whatever.     Again,  if  a  delicate  thermome- 

Non:ondu-ting  Power  of  ^^^^   ^^    '*?/'>•    ^'  ^«   placed    in   a  jar    of 

Liquids.  watcr,  With   its  uppcr  bulb  just  beneath 

How  are  trees  maintained  at  a  uniform  temperature  in  winter  and  lummer?  What 
Is  the  denin  of  straw  coTerinfr^  for  trees  and  plants  ? — 55.  What  is  the  conducting  power 
of  liquids  ?  How  can  their  freble  conrluctinc;  power  be  shown  ?  Describe  the  experimeM 
in  FVe.  6.    Describe  the  experiment  in  Fig.  7.    Describe  Dr.  Morray's  expezlmaat. 
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the  surface,  and  a  small  quantity  of  sulphuric  ether  be  poured 
upon  the  water  and  inflamed,  intense  heat  will  be  produced,  but 
in  consequence  of  the  poor  conducting  power  of  the  water,  no 
effect  will  be  experienced  by  the  thermometer,  though  its  bulb 
be  no  more  than  one  twentieth  of  an  inch  distant  ftom  the 
flame.  In  like  manner,  if  ice  be  formed  at  the  bottom  of  a  glass 
test  tube,  and  secured  in  its  place,  water  may  be  boiled  in  tlie 
upper  part  of  the  tube,  by  holding  it  in  an  inclined  position  in 
the  flame  of  a  spirit  lamp,  as  represented  in  Fig,  7,  without 

melting  the  ice  in  the  smallest 
degi'ee.  Count  Rumford  found 
,  that  the  heat  from  a  hot  iron 
cylinder  could  not  pass  down- 
wards, through  a  thin  stratum  of 
olive  oil  not  more  than  two  tenths 
of  an  inch  in  thickness. 

^y  other  experiments,  how- 
ever, it  has  been  ascertained  ihat. 
liquids  do  conduct  htat  to  a  veiy 
^  slight  degree.      Dr.  Murray  es- 

Non-condueting  Power  of  Liquids.       tablishcd  this  faCt  in  the  following 

manner.  At  the  bottom  of  a 
vessel  of  ice,  he  placed  a  delicate  thermometer,  in  a  horizontal 
poiition,  and  then  poured  in  olive  oil,  until  the  bulb  of  the 
thermometer  was  just  covered ;  a  second  vessel,  of  iron,  was 
then  introduced,  filled  with  boiling  water,  and  secured  in  such 
a  position  that  it  almost  touched  the  bulb.  In  seven  and  a 
half  minutes  the  heat  from  the  boiling  water  had  been  con- 
ducted by  the  oil  to  the  bulb  of  the  thermometer,  in  suflicient 
amount  to  raise  the  temperature  from  32°  to  37^°. 

Under  ordinary  circumstances,  however,  liquids  may  be  con- 
sidered absolute  non-conductors  of  heat  This  is  true  of  all 
liquids  except  mercury,  which,  from  it^  metallic  nature,  conducts 
heat  with  great  facility,  and  is  an  exception  to  the  general  rule. 

56.  The  Gases  are  Poor  Condnctors  of  Beat.  The  air 
and  other  aeriform  fiuids  are,  in  like  manner,  exceedingly  poor 
conductors  of  heat.  This  may  be  shown  by  the  operation  of 
double  windows.  A  thin  stratum  of  air  being  confined  between 
the  opposite  sashes  in  such  a  way  that  it  can  not  escape,  and  all 
communication  with  the  external  air  being  cut  off,  has  the  effect 

5^  A^liat  {«!  the  conductiDg  power  of  the  gues  ?    Uow  te  their  feeble  oooductton  sbov« 
bj  double  windowi  ? 


Digitized  by  VjOOQ IC 


GASES   ARE   POOR    COXDt'CTORS.  35 

of  preventing  the  passage  of  heat  from  the  inside  to  the  out- 
gide  of  tlie  window,  or  the  reverse.  The  internal  heat  is  pre- 
vented from  escaping,  and  the  external  heat  from  entering,  and 
consequently  the  house  is  rendered  much  more  comlortable 
in  both  winter  and  summer.  The  same  fact  is  also  proved  by 
the  construction  of  ice  pitchers,  which  are  really  made  double,  and 
consist  of  a  pitcher  within  a  pitcher.  The  stratum  of  air  en- 
closed between  them  is  found  to  be  an  excellent  non-conductor 
of  heat,  and  to  obstruct  the  passage  of  the  external  heat  into 
the  pitcher  almost  altogether.  The  same  fact  is  also  illustrated 
by  the  double  roofs  of  ice-houses,  and  double  walls  of  fire-proof 
vessels  and  safes.  Double  walls  to  houses  make  them  much 
warmer  in  winter  by  preventing  the  escape  of  heat,  and  much 
cooler  in  summer  by  obstructing  its  entrance.  In  all  these 
cases  it  is  es.<ential  that  the  air  be  c'osely  confined^  and  that  no 
opportunity  be  allowed  for  the  establi.-^hment  of  currents,  by 
Oi>enings  above  and  below ;  otherwise  the  etcape  of  heat  is  fa- 
cilitated. The  non-conducting  power  of  air  is  al50  shown  by 
the  poor  conduction  of  heat  by  sulx^tances  which,  like  fur  and 
down,  contain  a  large  quantity  of  it  inclo-^ed  in  their  texture. 

57.  The  Condacting'  Power  of  Different  GasoB  sappssed 
to  be  diffsrent.  It  has  been  asserted  that  the  conducting  power 
of  the  gase^  for  heat  is  very  unequal.  This  opinion  is  founded 
upon  the  different  cooling  effects  exerted  by  the  various  gases 
upon  the  temperature  of  a  platinum  wire  heated  white  hot 
by  a  galvanic  battery.  Such  g  wire  is  cooled  more  rapidly 
when  surrounded  by  air  than  when  in  a  vacuum,  more  rapidly  by 
hydrogen  than  by  air,  and  less  rapidly  by  sulphurous  acd  gas 
and  chloro-hydric  acid  gas,  than  by  air.  Tnese  experiments 
were  performed  with  an  apparatus  represented  in  Fig,  8. 
Let  o  be  a  glass  vessel,  which  can  be  exhausted  of  air  through 
the  lower  stop-cock,  «  ;  let  «  be  another  stop-cock,  by  which 
air  or  any  other  gas  may  be  introduced  into  the  vessel  at  plea-- 
ure;  ft  is  a  metallic  rod,  parsing  through  a  stuffing  box  air- 
tight, yet  capable  of  sliding  so  that  it  can  be  adjusted  at  any 
height ;  c  is  a  similar  metallic  rod,  connected  with  the  bra^3 
cap  St  the  lower  part  of  the  vessel;  />  w  is  a  fine  platinum 
wire  by  which  h  and  c  arc  now  connected.  The  glass  vessel 
being  full  of  air,  the  connections  with  the  poles  of  the  galvanic 
battery  are  formed  at  b  and  c ,  and  in  a  few  moments  the  heat 

By  Ire  piteheiw?    By  ice  hoii«eii?    By  furs?    Why  !<*  it  iiecei<«in'  that  the  nir  b'iouM 
be  closely  couJBned  in  these  cases  ? — 57.  iU  tiie  coaductiLg  power  of  ga&ei(  for  beat  v<4ual  ? 
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Fig- 8-  is  great  enough  to  make  the  platinum  wire 

faintly  luminous.  Let  the  air  now  be  with- 
drawn by  an  air  pump,  and  the  wire  almost 
in  an  instant  glows  more  brightly :  introduce 
the  air  again,  and  it  glows  more  feebly.  This 
reduction  of  temperature  from  a  while  heat  to 
bright  redness  seems  to  show  that  the  air,  when 
it  is  i*eadmitted,  has  to  much  conducting  power 
for  heat  as  to  lower  the  temperature  of  the 
wire  very  sensibly.  Now  let  the  vessel  be 
exhausted  a  second  time,  and  in  place  of  air, 
let  Hydrogen  gas  be  introduced:  the  wire, 
which  began  to  glow  with  a  white  heat  on 
the  exhaustion  of  the  air,  as  soon  as  this  gas 
is  introduced  ceases  to  glow  altogether,  and  it 
will  be  necessary  to  more  than  double  the 
power  of  the  battery  in  order  to  raise  the 
wire  again  to  a  white  heat.  This  seems  to 
show  that  the  conducting  power  of  Hydrogen 
for  heat  is  much  greater  than  that  of  air. 
DifTerent  Condwting  If  the  Hydrogcn  wcre  withdrawn,  the  energy 
ower  of  Gases.  ^^  ^^^  current  would  now  be  great  enough 
to  fuse  the  wire.  The  cooling  effect  of  the  other  gases  may  be 
a<^certained  in  the  same  way.  Illuminating  gas,  ammonia,- and 
the  vapors  of  alcohol  and  ether,  also  exert  a  greater  cooling 
influence  upon  such  a  wire  than  air.  It  has  al^o  been  found 
that  if  heat  be  applied  at  the  closed  top  of  a  vessel,  it  is  conveyed 
more  quickly  to  a  thermometer  placed  at  some  distance  from  the 
top  when  the  vessel  is  filled  wiih  Hydrogen,  than  when  it  is  filled 
with  air.  This  is  the  case  even  when  the  vessel  is  loosely 
packed  with  cotton  wool  or  eider  down.  From  these  experi- 
ments it  has  been  argued  that  Hydrogen  conducts  heat  like  a 
metal.  On  the  other  hand  it  is  contended  that  Hydrogen,  being 
the  lightest  of  the  gases  and  more  than  fourteen  times  lighter 
than  air,  this  effect  may  be  due  to  the  superior  mobility  of  its 
particles  over  those  of  air.  This  would  hai-dly  seem  adequate 
to  account  for  all  the  effects  observed,  and  on  the  whole  it  would 
appear  that  the  gases  do  differ  somewhat  in  their  power  of  con- 
duct inj;  heat. 


Describe  the  experiments  illustrated  by  Fig.  8.    What  Is  the  general  oondusioa  ? 
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58.  The  aeeond  mole  in  wbish  heat  is  dilhsed  throngrh 
bodies— Convectioii.  The  question  at  once  arises :  If  liquids  and 
ga>es  are  such  poor  conductors,  in  what  way  is  heat  propagated 
through  them  at  all  ?  Heat  is  conveyed  through  all  liquids  and 
ga?es  by  a  change  of  place  among  their  particles ;  and  this  con-| 
stitutes  the  process  of  convection,  or  the  second  mode  by  which  j 
heat  seeics  an  equilibrium  and  is  diffused  through  matter. 
When  a  vessel  of  water  is  placed  over  a  fire,  the  particles  near- 
Cit  the  flame  are  expanded,  and  becoming  specifically  lighter 
tlian  thorc  around  and  above  them,  whose  temperature  is  &<  yet 
unaffected,  they  rise  to  the  surface.  At  the  same  time  the  cold 
particles  above  descend,  in  order  to  supply  their  place ;  these 
b2comIng  heated  in  turn,  also  rise  to  the  surface,  and  are  suc- 
ceeded by  a  fresh  supply  of  colder  particles  from  above.  In 
tills  manner  all  the  water  is  gradually  brought  into  contact  with 
the  source  of  heat,  and  the  whole  mass  finally  becomes  uniformly 
warmed  throughout. 

59.  Convectioii  in  Liqnidi.     The  manner  in  which  liquids 

circulate  on  the  application  of  heat 
can  be  easily  shown.  Into  a  gla  s 
flask  containing  watier,  see  Fig.  9, 
throw  a  small  quantity  of  any  inso- 
luble powder,  such  as  amber,  rosin, 
or  even  saw-dust,  as  nearly  as  possi- 
ble of  the  same  specific  gravity  with 
the  water.  When  placed  over  a 
lamp  the  circulation  will  soon  be.ia ; 
the  warm  currents  will  rise  in  the 
centre  where  the  heat  is  greatest, 
a  id  the  cpld  will  descend  upon  the 
sides,  and  their  exact  direction  will 
be  indicated  by  the  solid  particles 
which  they  carry  with  them.  The 
water  ascends  and  descends  in  this 
manner  just  the  same,  whether  the 
solid  particles  are  in  the  flask  or  not; 
these  only  serve  to  make  the  motion  more  plain  to  the  eye. 
Even  after  the  liquid  has  begun  to  boil,  this  same  circuhuion 
will  continue.  It  may  therefore  be  stated  as  a  general  truth, 
that  in  order  to  raise  the  temperature  of  liquids  and  make  them 


Cdnvection  of  HteU  in  Liquids, 


58.  DeieribQ  the  mode  in  which  heat  is  propngnted  through  liquiJj.   ^Vhat  la  conreo- 
6oa  ? — ud.  How  uiay  tiJM  curreatu  produced  iu  Uqoidji  be  hbovA  to  exist  7 
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Fig.  10. 


boil,  heat  must  be  applied  at  the  bottom ;  they  can  not  be  heated 
from  the  upper  surface.  This  is  a  matter  of  great  practical 
importance  in  the  constiniction  of  the  boiiei-s  of  steam  engines, 
and  in  all  ca^es  where  heat  is  to  be  diffused  through  large  quan- 
tities of  liquids. 

60.  Convection  in  Qaies.    Similar  currents  are  establi:^hed 

in  air  and  all  the  gases,  upon  the 
application  of  heat.  The  only 
difference  is,  that  the  heat  is  dif- 
fused through  them  with  much 
greater  rapidity  than  through 
liquids,  in  consequence  of  the 
superior  mobility  of  their  parti- 
cles. The  fact  of  the  establish- 
ment of  currents  in  air  by  the 
proximity  of  any  source  of  heat, 
is  clearly  shown  by  Fig,  10, 
where  a  lamp  chimney  is  repre- 
sented over  a  lighted  candle 
placed  upon  a  plate  filled  with 
water,  to  prevent  the  entrance 
of  air  from  below.  The  chim- 
ney is  divided  by  a  pasteboard 
partition,  and  on  dropping  a  bit 
of  smoking  paper  into  it  the 
movement  of  the  smoke  will 
show  that  the  air  is  ascending 
on  one  side  of  the  chimney,  and 
descending  on  the  other,  exactly 
as  in  the  case  of  the  bits  of  float- 
ing amber  in  the  vessel  of  heat- 
ed water. 

61.  Illnstrsitions  of  Convection.  The  existence  of  currents 
produced  by  convection  is  seen  on  a  great  scale  in  Nature,  in 
the  cases  of  the  Gulf  Stream  and  the  Trade  Winds.  The  air 
and  the  water  are  heated  in  both  these  cases,  not  by  the  direct 
I'ays  of  the  sun,  but  by  heat  which  emanates  from  the  earth. 
Tlie  rays  of  I:eat  proceeding  from  the  sun  pa<s  through  the 
atmosphere  without  perceptibly  heating  it,  and  being  absorbed 
as  :^oon  as  they  strike  upon  the  earth's  surfiice,  gradually  com- 

60.  Ilrm  Ih  hmt  pro  lifted  th'X)n|?h  prw*^?    Ho't  niny  fie  exi^tonoe  of  onrrents  bo 
proved  .'—61.  Givv  iUustrutiooA  of  tao  cxlstcaco  of  currvuU  ia  the  atmospbere  and 
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municate  their  heat  to  the  lower  portions  of  the  atmosphere, 
and  to  the  water  immediately  in  contact  with  it.  Tiiese  heated 
par:icle:i  of  water  and  air  ascend,  in  consequence  of  th 'ir  dimin- 
ished density,  and  as  their  pLices  are  supplied  by  descending 
currents  of  cold  water  and  air,  they  flow  off  to  the  north  and  to 
the  south  of  the  equator,  carrying  the  heat  with  which  they  ai*e 
charged,  and  imparting  it  to  the  cold  water  and  air  of  the  tem- 
perate regions;  while  on  the  other  hand  the  cokl  water  und  air 
from  the  temperate  and  arctic  regions  are  drawn  stciadily  towards 
the  tropics,  charged  whh  the  cold  which  they  have  rec(*ived 
froTi  the  poles.  Tliere  is  therefore  a  current  of  hot  air  in  the 
upper  regions  of  the  atmosphere  setting  towards  the  north  and 
south  poles,  and  a  current  of  cold  air  near  the  surface  of  the 
earth,  moving  from  the  poles  to  the  tropics.  The  same  is  true  of 
the  waters  of  the  ocean;  a  current  of  warm  w^ater  upon  the  sur- 
face is  setting  towards  the  north  and  south,  and  of  cold  water 
beneath  it  moving  from  the  north  and  south  towai'ds  the  equa- 
tor; see  Fig.  11.     Thus  the  excessive  heat  and  cold  of  the 


Fig.  11. 


Comeettcn  iBusttattd  by  Trade  Winds  and  Gulf  Stream, 

opposite  portions  of  the  earth  are  moderated,  and  the  general 

How  nre  th«  Trade  winds  produced?    The  Gulf  itream?    The  land  and  sea  breeiet 
or  Om  tropics? 
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temperature  of  the  globe  rendered  more  nearly  equal.  To  the 
same  cause  the  sea  breezes,  which  temper  the  excessive  heat  of 
tropical  islands,  are  due.  The  hot  air  rising  from  the  heated 
surface  of  the  earth  floats  off  seaward,  and  the  colder  air  of  the 
sea  flows  in  near  the  surface  of  the  earth  to  supply  its  place : 
at  night  this  process  is  reversed ;  the  earth  being  colder  than 
the  sea,  the  warm  air  of  the  sea  flows  towards  the  land,  while 
the  cool  air  from  the  land  is  borne  out  to  the  ocean. 

62.  Wliat  makes  the  heated  Water  and  Air  ascend?  As 
the  absolute  weight  of  the  heated  portions  of  liquids  and  ga^es 
is  not  diminished  by  the  increase  of  their  temperature,  the  ques- 
tion at  once  arises :  What  makes  them  ascend  ?  The  answer  to 
this  question  requires  an  accurate  knowledge  of  the  principles 
of  Hydrostatics,  for  which  reference  must  be  made  to  Fome 
good  treatise  on  Natural  Philosophy.  It  may  however  be  stated 
in  general,  that  the  heated  particles  rise,  because  their  density 
has  become  less  than  before,  and  less  than  that  of  the  colder  par- 
ticles immediately  around  and  above  them.  Take  for  instance 
the  case  of  a  cubic  inch  of  liquid,  near  the  bottom  of  a  flark 
of  water;  as  long  as  it  is  cold,  it  remains  at  rest  and  without 
any  tendency  to  move,  because  the  pressure  of  the  water  above 
it,  and  its  own  weight,  which  tend  to  make  it  sink,  are  exactly 
counterbalanced  by  the  pressure  from  below  tending  to  force 
it  upwards.  So  long  as  these  two  pressures  remain  exactly 
equal,  the  cubic  inch  of  water  will  continue  fixed  in  its  position ; 
but  let  the  equality  of  these  two  pressures  be  destroyed,  and  the 
cube  of  water  will  necessarily  move  in  one  direction  or  the 
other. 

These  two  pressures  may  be  represented  by  two  columns  of 
water  placed  side  by  side,  one  of  which  has  the  lower  surface 
of  the  cube  in  question  for  its  ba^e,  and  extends  vertically  up- 
wards to  the  surface  of  the  water ;  the  other  is  placed  directly 
by  its  side,  and  possesses  a  ba^^e  of  the  same  dimensions,  the 
same  altitude,  and  the  same  density.  Under  these  circumstan- 
ces the  cube  of  water  will  remain  in  equilibrium.  Let  this 
cube  be  now  enlarged  by  the  expansive  effects  of  heat  until  it 
has  attained  the  size  of  two  cubic  inches;  its  weight  remains 
exactly  the  same  as  before,  but  its  density  has  been  diminished 
one  half.  The  downward  pressure  is  now  represented  by  a  col- 
umn of  water  having  a  ba-e  of  two  cubic  inches,  and  extending 
from  the  lower  surface  of  the  double  cube  of  water  in  question 

62.  Explain  U.*  asctiuion  of  batted  putklM  of  Uqokii  and  gutt. 
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Upwards  to  the  surface  of  the  liq'iid.  The  upward  pressure  is 
now  represented  by  a  column  or'  water  placed  by  the  side  of 
the  first,  also  having  a  base  of  two  cubic  inches,  and  extending 
upwards  to  the  surface  of  the  liquid.  These  two  pressures  are, 
however,  now  no  longer  equal,  because  the  densi  y  and  weight 
of  the  two  cubic  inches  at  the  base  of  the  first  column  are  only 
one  half  the  density  and  weight  of  the  two  cubic  inches  at  the 
base  of  the  seco.id  column.  The  pressure  upwards  is  therefore 
greater  than  the  pressure  downwards  by  the  amount  of  this  dif- 
ference in  weight  between  the  two  lowest  cubic  inches  in  the 
second  cx)li]mn  and  the  two  lowest  cubic  inches  in  the  first. 
The  two  cubic  inches  of  expanded  water  will  therefore  be  pressed 
upwards  by  a  force  equal  to  this  difference  in  weight.  The 
cold  water  which  takes  its  place  will  undergo  the  same  process, 
and  rise  in  turn,  and  thus  a  steady  current  will  be  established 
which  will  continue  to  flow  until  the  water  has  acquired  the 
same  temperature  throughout,  or  the  source  of  heat  is  removed. 
This  is  also  the  cause  of  the  ascension  of  heated  air  and  of 
the  currents  that  are  established  in  the  atmosphere  when  brought 
into  contact  with  any  source  of  heat. 

63.  Tha  asee^sioa  of  heated  Liquids  and  Oases  illustrated 
by  a  Fignre.  This  process  is  illustrated  in  Fig,  12,  where  a  b 
p.  and  c  d  represent  the 
two  columns  of  water 
which  exactly  balance 
each  other,  with  the  ex- 
ception of  the  two  cubic 
inches  at  the  base  of 
each.  A  cubic  inch  of 
cold  water  at  60°  weighs 
about  252  grs.  By  the 
application  of  heat,  such 
a  cubic  inch  has  been 
expanded  to  two  cubic 
inches  without  any  in- 
crease or  diminution  of 
its  weight.  The  two  cu- 
bic inches  of  hot  water 
weigh  precisely  the  same 
as  one  cubic  inch  of  cold 

CauuofUu  Ascension  of  HeaUd  Liquids  and  Gases.  ^^^^^\     their    density    is 
68.  BzplAin  the  prooea  indicated  in  Fig.  12. 
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therefoi'e  diminished  one  half,  and  they  are  pressed  upwards 
by  the  particles  of  cold  water  about  thenu  The  eqral  press- 
ure, therefore,  of  the  two  columns  a  h  and  c  d,  is  destiQved, 
in  consequence  of  the  inequality  in  the  weight  of  the  two  cubes 
at  the  base  of  each,  the  two  cubes  of  co.d  water  weighing 
252  +  252=504  grs.,  while  the  two  cubes  of  hot  water  weigh 
only  252  grs. ;  the  column  c  d  h  thus  made  heavier  than  a  A, 
and  tends  to  press  it  upwards.  The  importance  of  this  piocet-s 
of  convection  in  the  arts,  as  well  as  in  Nature,  can  not  be  too 
highly  estimated,  and  the  principle  on  which  it  depends  should 
be  thoroughly  understood. 

64.  Tag  'third  mode  in  which  Heat  seeks  an  eqnilibriiun 
—Radiation.  Radiation  is  the  name  applied  to  the  third  mode 
in  which  heat  seeks  to  distribute  itself  equally  through  bodies, 
viz.,  by  darting  from  a  hot  to  a  cold  body  through  an  appreciable 
interval  of  space. 

That  heat  is  so  transmitted  is  easily  proved  by  standing  be- 
fore a  fire,  or  holding  one's  hand  at  gome  distance  from  a  hot 
body  suspended  in  the  air.  In  both  these  cases  it  is  clear  that 
the  heat  is  not  transmitted  by  conduction  from  pailicle  to  parti- 
cle of  the  intervening  air,  because,  as  we  have  seen,  the  con- 
ducting power  of  air  is  extremely  small ;  nor  is  it  by  convection, 
for  this  would  only  tend  to  propagate  the  heat  vertically,  by  the 
establishment  of  an  upward  current :  moreover  it  is  found  that 
the  process  goes  on  in  a  vacuum  with  three  times  the  rapidity 
that  it  does  in  air ;  consequently  we  infer  that  no  medium  what- 
ever is  neces-ary  for  the  passage  of  heat  by  this  process. 

It  is  called  radiation  because  the  rays  of  heat  proceed  from 
every  point  upon  the  surface  of  the  body  equally  in  all  direc- 
tions, like  radii  from  the  centre  of  a  circle.  The  fact  of  radia- 
tion may  also  be  ]>roved  more  satisfactorily  by  placing  several 
thermometers  at  equal  distances  from  a  hot  body  which  is  sus- 
pended in  the  air.  They  will  begin  to  rise  at  the  same  moment, 
and  at  the  expiration  of  a  given  time  will  all  be  found  to  indi- 
cate the  same  tem])erature,  with  the  exception  of  the  one  placed 
immediately  above  the  ball.  This  will  be  found  to  stand  liipher 
than  the  others,  because  it  has  been  influenced  by  the  ascending 
currents  of  hot  air  produced  by  convection,  as  well  as  by  the 
rays  of  heat  which  have  reached  it  by  ratliation.  If  the  ex- 
periment were  ])erformed  in  a  vacuum  the  theimomcters  would 

all  be  affected  equally. 

— 1_ ■ — ^ — ^ — . 

64.  Whftt  ill  the  third  ntn<]f>  in  which  heat  m>ekii  nn  equilihrium  ?  Is  nny  roed'um 
nfofffmry  ?  Whv  ra11e<l  lUUwtion?  Uovr  may  the  fnct  ot  radiation  be  proved?  Why 
dots  the  upper  thermometer  stand  higher  than  the  others  ? 

Digitized  by  VjOOQ IC 


LAWS    OF   RADIATION.  43 

.  '65.  Radiant  Heat  follows  the  same  laws  as  radiant  Xiig'lit. 
Rays  of  heat  proceed  from  the  hot  body  in  right  lines  like  rays 
of  iight,  and  with  a  velocity  equal  to  that  of  light;  and  their 
effect  dimini:^hes  as  they  recede  from  the  hot  body,  not  in  pro- 
portion to  the  distance,  but  to  the  square  of  tlie  distance.  A" 
thermometer  at  two  feet  from  the  radiant  body  will  not  indicate 
one  half  as  much  heat  as  the  thennometer  placed  at  the  distatice 
of  one  foot,  but  only  one  fourth  as  much,  i.  e.,  four  times  less: 
in  this  respect  also,  radiant  heat  follows  the  same  law  as  light. 
When  radiant  heat  falls  upon* other  bodies  it  is  either  absorbed^ 
— in  which  ca>e  it  rai^e^  their  temperature, — or  it  is  reflected^ 
i.  e^  turned  back  towards  its  source  ;  or  it  is  refracted,  i.  e.,  bent 
out  of  its  originally  straight  course,  which  occurs  only  when  it 
falls  at  an  angle  less  than  a  right  angle,  upon  some  medium 
which  it  is  capabl*  of  traversing;  or  it  is  transmitted,  i.  e., 
parsed  through  unchanged  when  it  falls  perpendicularly  u[>on 
Sonne  medium  capable  of  transmitting  it,  althou<rh  this  raix*ly 
takes  place  without  more  or  less  absorption.  Radiant  boat  does 
not  affect  the  temperature  of  the  media  through  which  it  parses. 
A  tube  full  of  ether  may  be  held  in  the  focus  of  a  convex  lens 
wi  hout  becoming  sensibly  warmer,  but  if  any  of  the  rays  are 
absorbed  by  the  intio  luction  into  the  ether  of  some  folld  sub- 
stance, such  as  a  bit  of  charcoal,  the  heat  thus  ab  orbed  is  com- 
municated fron  the  charcoal  to  the  liquid  by  convection ;  the 
ether  soon  begins  to  boil  and  is  finally  dissipated.  The  heating 
of  the  earth  by  the  sun  is  the  giandest  instance  of  radiation 
found  in  Nature.  The  heat  radiated  from  this  great  luminary 
parses  through  the  air  without  perceptibly  affecting  its  tempera- 
ture, and  finally  striking  upon  the  solid  earth,  is  absorbed  by  it. 
The  heat  thus  gained  by  the  earth  is  communicated  to  the  at- 
mosphere and  propagated  through  it  by  the  process  of  convec- 
tion, as  has  been  already  described.  The  amount  of  heat  radi- 
ated by  the  sun  in  the  coui'se  of  a  single  day  upon  one  acre  of 
land  in  the  latitude  of  London,  is  estimated  to  be  equal  to  that 
produced  by  the  combustion  of  one  hundred  and  eighty  bushels 
.of  coal. 

6C^  The  nature  of  the  snrfkce  affects  the  rate  of  Radiation. 
The  principal  fact  connected  with  radiation  is,  that  the  nature 
and  condition  of  the  surface  of  the  hot  body  has  a  powerful 
i — — — 

©  In  Irhat  direction  do  the  ray«  of  h«»t  tVom  i»  hot  hody  proceed  ?  Tn  what  propor- 
tion doo«  their  effect  diminish?  Jn  trhat  four  ways  i^  mdiant  lirat,  when  it  i:(\\»  upon 
bo.lie«.  diiipoMMl  of?  Dow  nuiinnt  hwit  aff*^t  the  teniperHture  of  n'Hi'i  thronjf'i  whirh 
It  pasMw?  Whnt  efTert  tloefl  it  prodnre  if  abfiorb«d?  Uow  can  this  bo  proved;—^ 
Wlut  iofloence  has  nurfiice  npon  nuUatlon  ? 
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effect  in  promoting  or  checking  the  escape  of  heat  from  it  by 
this  process. 

Where  other  circumstances  are  equal,  the  rate  at  which  Jieat 
escapes  from  bodies  by  radiation  is  directly  proportional  to  the 
roughness  and  dullness  of  their  surfaces,  and  in  the  inverse  pro- 
portion to  their  polish  and  smoothness;  in  other  words,  those 
surfaces  which  are  rough  and  dull  radiate  most  rapidly,  and 
those  which  are  bright  and  polished  most  slowly.  Sr  J.  Leslie, 
who  was  one  of  the  eai-liest  experimenters  upon  this  subject, 
ascertained  this  fact  by  the  following  experiment.  He  covered 
one  side  of  a  brightly  polished  cubical  tin  vessel  with  lampblack, 
another  with  writing  paper,  a  third  with  a  thin  plate  of  glass, 
while  the  highly  polished  surface  of  the  fourth  side  was  allowed 
to  remain  uncovered.  The  vessel  was  then  filled  with  boiling 
water,  tightly  closed  by  a  cork,  through  which  a  thermometer 
was  inserted,  and  placed  at  some  distance  before  a  concave  mir- 
ror having  a  delicate  differential  thermometer  in  its  focus,  some- 
what as  represented  in  Fig.  13.     The  radiating  effect  was  es»ti- 

Fig.  18. 


J^ect  of  Surface  on  Radiation, 

mated  by  the  depression  of  the  thermometer  in  the  canister  and 

IkiMribe  the  experlmenta  of  Leslie. 
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tlie  elevation  experienced  by  the  differential  thermometer  in  the 
focus  oF  the  mirror.  On  turning  the  side  covered  with  lamp- 
black towards  the  mirror  the  thermometer  in  the  canister  goon 
sank  several  degrees,  while  the  one  in  the  focus  of  the  mirror 
ro  e  at  nearij  the  same  rate :  with  the  papei'ed  side  the  effect 
upon  the  thermometer  was  nearly  the  same ;  with  the  glass  side 
the  effect  was  decidedly  less ;  and  with  the  bright  metallic  side 
the  influence  upon  the  thermometer  was  very  slight.  Taking 
the  quantity  of  heat  radiated  by  the  lampblack  as  100,  that 
radiated  by  the  paper  was  found  to  be  98,  that  by  the  glass  90, 
and  that  by  the  bright  metal  only  12.  From  this  experiment 
the  extremely  feeble  radiating  power  of  brightly  polished  metal- 
lic surfaces  is  very  apparent.  The  same  fact  can  be  readily 
shown  by  using  the  tin  cube  alone  without  the  miiTor.  Ther- 
mometers placed  at  equal  distances  from  its  four  sides  will  be 
unequally  affected,  and  the  one  opposite  the  side  covered  with 
lampblack  will  rise  highest  in  a  given  time.  The  difference  in 
the  amount  of  heat  ratliated  can  be  readily  perceived  by  placing 
the  hand  successively  near  the  four  sides  of  the  vessel ;  the  im- 
pression produced  by  the  lampblack  side  will  be  decidedly  the 
moit  powerful.  This  experiment  may  bo  varied  by  u  ing,  in- 
stead of  one  vessel  wi:h  differently  construqted  sdes,  three  can- 
isters of  sheet  brass,  having  exacily  the  same  dimensions,  but 
with  different  surfaces,  the  first  having  its  surface  highly  polished, 
the  second  covered  with  whiting,  the  third  with  lampblack,  fill- 
ing them  with  boiling  water  from  the  same  vessel,  and  then 
allowing  them  to  cool.  At  the  expiration  of  half  an  hour  the 
blackened  canister  will  be  found  by  the  thermometer  to  have 
lo5t  the  mo^t  heat,  and  to  have  the  lowest  temperature,  the 
whitened  canister  to  have  lost  somewhat  less,  and  the  polished 
oie  the  least.  Leslie  also  ascertained  that  by  roughening 
brightly  polished  metallic  surfaces  they  could  be  made  to  radi- 
ate nearly  as  well  as  lampb'ack ;  and  that  by  scratching  them 
with  lines  which  crossed  each  other  at  right  angles  the  effect 
could  be  greatly  increased.  This  is  probably  owing  to  the  in- 
crease of  the  amount  of  surface  exposed,  and  in  the  number  of 
radiating  points  thus  produced. 

67.  Other  circumstances  vSbctiykg  the  rate  of  Radiation. 
It  ha?  also  been  ascertained  that  a  variation  in  density  makes  a 
difference  in  the  amount  of  heat  radiated.  A  hammered  silver 
plate  will  radiate  much  less  than  ^  cast  plate  of  the  same  metal. 

DMcrfbe  ihe  experiment  irith  three  canisten.    Explain  the  effert  of  roushcnins  a 
pollihed  siudGuse.— -67-  What  otaer circunutaiicee  aSiect  the  rate  of  radiation? 
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At  one  time  it  was  thought  that  color  also  had  an  effect  upon 
i*aliat ion.  anil  that  black  radiated  more  heat  than  any  o;her; 
but  it  hai  now  been  asceriaiaed  that  color  has  no  effect  what- 
ever o.i  radiating  power. 

68.  Radiatigfl  miio  talcefli  place  from  pointi  below  Ike  Eiiiw 
face.  It  has  also  been  i'ound  that  radiation  does  rot  take  place 
Folcly  from  I  he  particles  which  compose  the  surface  of  a  hot 
body,  but  that  it  al^o  takes  place  froai  those  which  are  situated 
a  small  distance  beneath  the  surface.  This  was  ascertained  by 
Mr.  Lei^lie,  by  covering  one  side  of  a  vessel  containing  hot 
water  with  a  thin  coating  of  jelly,  and  putting  upon  another 
side  four  times  the  quantity.  The  nature  of  these  two  surfaces 
was  precisely  the  same  as  to  material  and  smoothness,  but  they 
were  found  to  radiate  very  differently;  the  thinner  film  de- 
pressed the  thermometer  in  the  canister  38**,  while  the  thicker 
depressed  it  54**«  The  increa-e  of  radiation  continued  until  the 
coating  amounted  to  the  thickness  of  1 -1000th  of  an  inch,  after 
which  no  further  increase  took  place. 

69.  Practical  ApplicatioAs.  Vessels  intended  io  prer erve 
liquids  at  a  higher  temperature  than  that  of  the  furrounding 
air  for  as  long  a  time  as  possible,  should  be  provided  with  bad 
radiating  surfaces.  Water  in  a  bright  silver  tea-pot  will  retain 
heat  much  longer  than  one  made  of  earthen-ware  or  porcelain. 
A  tea-kettle  is  in  its  mo  t  efficient  state  when  its  bottom  is  bir.ck 
and  rough  with  soot,  and  its  sides  and  top  brightly  burnished, 
because  then  the  parts  exposed  to  the  fire  are  in  the  best  con- 
dition for  receiving  heat,  and  those  exposed  to  the  air  in  the 
best  condition  for  preventing  its  escape.  For  the  fame  reason 
the  exposed  portions  of  locomotives,  such  as  the  cylinders  and 
steam  dome,  which  require  to  be  maintained  at  a  temperature 
considerably  higher  than  212°,  and  which  are  much  cooled  by 
rapid  motion  through  the  air,  are  covered  with  bumi^hed  brass 
in  order  to  prevent  the  escape  of  heat,  and  are  kept  brightly 
polished,  not  so  much  for  ornament  as  for  utility.  There  is 
also  gcnerary  a  space  of  several  inches  between  the  outside 
covering  and  thfj  time  surface  of  the  cylinder  and  of  the  dome ; 
and  this  is  either  filled  with  confined  air,  which,  as  we  have  seen, 
i;  a  poor  conductor  of  heat,  or  stuffed  with  some  non-conducting 
solid  substance,  such  a^  felt,  wool,  or  shavings  of  wood,  in  order 
to  oppo  e  an  effectual  barrier  (o  the  esciipc  of  heat.     Pipes  in- 

■  63.  Prore  tbit  ra'lht!on  mav  «*Ten  tnk«  place  from  points  benenth  the  ni-foce. — r9. 
State  the  practical  npp'.icatioDfl  of  the  princi]>le*  of  ndiatioa.  How  is  the  heat  oT  the 
locomotlTe  prevented  trpm  eecaping  ? 
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tended  for  the  conveyance  of  hot  water,  steam,  or  heated  air  to 
a  distance,  should  be  kept  perfectly  bright  and  highly  polished  : 
but  when  they  are  designed  to  impart  heat  rapidly  to  the  sur- 
rounding air  they  should  be  roughened,  or  coated  with  some 
gK)d  ra^diating  substance.  Stoves  and  stove-pipes  should  be 
made  of  rough  anl  unpolished  iron  in  order  to  secure  the  great- 
e-it  heating  effect ;  but  if  it  be  wished  to  carry  a  stove-pipe 
through  a  room  without  heating  it,  or  to  use  a  portable  furnace 
withojt  its  warming  the  room  in  which  it  is  placed,  they  should 
both  be  provided  with  a  brightly  polished  metallic  covering. 
By  attending  to  such  apparently  unimportant  circumstances  the 
consumption  of  fuel  may  be  greatly  economized. 

70.  The  Radiation  of  the  fiarth.  As  the  earth  receives  its 
heat  from  the  sun  by  means  of  radiation,  so  it,  in  turn,  gives  out 
heat  itself  by  the  same  process.  When  the  sun  sets  and  the  influ- 
ence of  his  rays  is  withdrawn,  the  earth  then  becomes  a  radi- 
ating body  and  sends  forth  the  heat  which  it  had  acquired 
during  the  day  into  space;  but  it  does  so  very  unequally. 
All  other  things  being  equal,  those  portions  of  its  surface 
which,  from  their  peculiar  conformation,  are  good  radia'ors 
send  forth  heat  much  more  freely,  and  are  more  reduced  in 
temperature,  than  those  which,  from  any  cau^e,  are  poor  radi- 
ators. Thus  a  briglit  metallic  vessel  placed  upon  the  ground  at 
sunset  will  have  its  tempemture  reduced  indeed,  but  not  nearly 
as  much  as  an  earthen- ware  di:>h  or  a  piece  of  wood  of  the  same 
size.  A  glass  cup  placed  in  a  silver  basin  which  has  been  left 
upon  the  ground  in  the  evening  will  become  much  colder  during 
the  night  than  the  basin  itself;  and  at  the  same  time  the  gra^s 
and  leaves  of  plants  will  become  much  colder  than  the  Fmooth 
roiids  and  paved  streets ;  rough  and  fuzzy  leaves  will  radiate 
more  heat,  and  beco.ne  much  colder,  than  those  which  have  a 
bright  and  polished  surface.  So  much  heat  is  thus  radiated 
that  on  a  clear  and  starry  night  the  earth  will  sometimes  be 
found,  by  a  thermometer  placed  upon  its  surface,  to  be  as  much 
as  seventeen  degrees  coldei'than  the  air  ten  or  twelve  feet  abov^ 
it.  •  There  is  a  close  connection  between  this  reduction  of  tem- 
perature and  the  formation  of  <lew  and  frost,  for  the  e  are 
nothing  but  the  condensed  vapor  which  previously  existed  in 
the  air  in  an  invisible  form,  deposited  upon  differeni  substances 

What  Rurfece  fihoald  pipes  intended  to  convej  hot  oteam  and  air  poflpew? — T"^.  Bj 
what  proeem  does  the  earth  \we  its  heat  after  sunset?  Kxploin  the  reason  why  a 
rouf  h  board  or  rough  loaf  becomen  cold^  at  night  than  glass  and  polished  metaL 
Btato  the  connection  between  radiation  and  dew. 
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whose  temperature  has  been  reduced  by  radiation.  The  better 
the  radiHtuig  suiface  the  lower- will  be  its  temperature,  and  ihe 
greater  the  quantity  of  dew  and  frost  collected  upon  it.  This 
subject  will  be  more  fully  explained  when  we  come  to  speak 
particularly  of  the  watery  vapor  contained  in  the  atmosphere. 

71.  The  Theoiy  «f  Radiation.  Two  theories  have  been 
proposed  to  account  for  the  phenomena  of  radiation,  suggested 
respectively  by  Pictet  and  Prevost.  According  to  the  Ibrmer, 
when  bodies  of  unequal  temperature  are  brought  near  each 
other,  there  is  a  radiation  of  heat  from  the  hotter  to  the  colder, 
but  none  from  the  colder  to  the  hotter ;  this  continues  until 
they  have  both  reached  the  same  temperature,  when  all  radia- 
tion ceases.  Prevost,  on  the  contrary,  is  of  the  opinion  that  all 
bodies,  whatever  their  temperature,  are  constantly  emitting  rays 
of  heat  in  every  direction ;  that  the  temperature  of  a  body  falls 
whenever  it  radiates  more  heat  than  is  radiated  to  it ;  its  tem- 
perature is  stationary  when  it  receives  exactly  as  much  heat 
from  other  bodies  by  radiation  as  it  radiates  to  them,  and  that 
its  temperature  rises  when  it  receives  more  heat  than  it  radi- 
ates. According  to  this  theory,  which  is  now  generally  adopted, 
all  bodies,  whatever  their  temperature,  are  continually  exchang- 
ing rays  of  heat  with  each  other ;  and  this  is  supported  by  the 
analogy  of  Light.  Luminous  bodies  mutually  exchange  rays 
of  light;  a  feeble  light  sends  rays  to  one  of  greater  brightness, 
as  well  as  receives  rays  from  it;  and  the  quantity  of  light 
emitted  by  each  does  not  seem  to  be  influenced  by  the  vicinity 
of  the  other.  It  is  probable,  therefore,  that  the  radiation  of 
heat  takes  place  in  the  same  manner. 

72.  The  BeflecHon  of  Radiant  Boat.  When  radiant  heat 
falls  upon  a  solid  or  a  liquid  body  it  is  either  reflected,  absorbed, 
or  transmitted.  All  the  rays  which  are  not  absorbed  or  trans- 
mitted are  reflected.  The  fact  of  reflection  may  easily  be  proved 
by  standing  before  a  fire  in  such  a  ])osition  that  the  heat  can  not 
reach  the  face  directly,  and  then  placing  a  piece  of  tinned  iron 
in  such  a  position  as  to  allow  of  seeing  the  fire  by  reflection; 
1QS  Foon  as  it  is  brought  into  this  position  a  distinct  impression 
of  heat  will  be  perceived. 

73.  Law  of  Reflection.— Ang'los  of  Incidence  and  Reflection 
etnaL  In  every  case  of  the  reflection  of  heat  the  angle  of  in- 
cidence u  equal  to  the  angle  of  reflection.  In  this  respect  heat 
follows  the  same  law  as  light     This  law  has  long  been  known 

Tl.  state  Pict«t^8  theory  of  radiation.     #reTr>nt*«.     Give  the  analofrv  of  light.— 71 
IFhat  Li  meant  by  the  reflecUon  of  heat  ? — ^78.  State  the  law  of  Iletiecoou. 
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in  regard  to  heat  asso?iated  with  lij^ht,  as  in  the  ca^c  of  the 
sun'd  niy4  aiii  those  which  are  emitted  from  a  red-hot  ball ;  but 
that  non-lamlnous  heat,  like  that  which  proceeds  from  vessels 
of  hot  water  or  from  other  boii^  heated  below  redness, — that 
these  invisible  rays  of  heat  are  subject  to  the  same  law  of  re- 
flection as  those  which  are  accompanied  by  lijrht,  is  a  modern 
discovery,  first  established  by  Saussure  an  1  Pictet,  at  Geneva. 
This  very  interesting  fact  maybe  proved  thus:     In  Fij.  14, 

let  w    n    be  a  mirror  of   tinned 
rig.  14.  iron,  polished,  and  let  a  ball,  heat- 

ed to  any  degree  below  redness, 
be  placed  somewhere  upon  the 
line  A  B  ;  the  ray  of  heat  falling 
upon  the  mirror  will  be  reflectetl 
80  as  to  reach  a  thermometer 
placed  upon  the  line  c    b  ;  an«l 

B        -In,     on  measuring  the  angle   a    B    d 

Law  of  Rejieetion.  which  the  inirideut  r.iy  makes  with 

the  perpendicular  at  the  point  of 
incidence,  it  will  b^  found  to  be  exactly  equal  to  the  angle  c 
B  D  which  the  reflected  ray  makes  with  the  same  perpendicu- 
lar. It  follows  from  this  law  that  with  a  concave  parabolic  mir- 
ror the  rays  of  non-hminous  heat,  like  those  of  light,  may  be  col- 
lected to  a  focus;  and  with  two  such  mirrors,  Fome  very  inter- 
esting experiments  may  be  performed  illustrative  of  the  laws 
of  radiation,  as  well  as  those  of  reflection. 

74.  Concave  Mirrors.  Concave  mirrors,  or  reflectors,  are 
parabolic  or  spherical  sui'faces  of  metal  or  glass,  which  serve  to 
concentrate  rays  of  light  or  heat  upon  one  point  called  the  focus. 
In  Fig.  15,  a  section  is  given  of  a  spherical  mirror  of  this  de- 
scription. M  N  is  the  mirror,  a  is  its  middle  point  or  centre, 
C.  is  the  centre  of  the  sphere  of  which  the  mirror  forms  a  part, 
and  A  B  is  a  line  perpendicular  to  the  middle  point  of  the 
mirror.  Now  upon  the  line  a  b — the  principal  axis  of  the 
mirror — let  any  source  of  heat  be  placed  at  such  a  distance  that 
the  rays  r  k,p  h,g  i,l  d  can  be  considered  as  parallel 
to  each  other :  the  ray  e  k  falling  on  tlie  mirror  will  then  be 
reflected  in  such  a  direction  that  the  angle  c  k  r ,  which  is 
the  angle  of  reflection,  will  be  equal  to  the  angle  c  K  e  ,  the 
angle  of  incidence ;  because  any  one  point,  as  k  ,  may  be  re- 
new may  it  be  proved  in  the  case  of  •  p!ane  mirror  ? — 74.  Deacribe  the  concare  mir- 
ror. 
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garded  as  a  plane  mirror,  and  the  line  c  K  is  a  perpendicular 
drawn  to  it.  All  the  other  rays,  p  h  ,  A  i ,  l  d  ,  will  be 
reflected  in  the  same  manner,  and  concentrated  upon  the  same 
point,  F ,  situated  upon  the  line  a  b.  It  follows  in  consequence 
of  this  concentration,  that  there  will  be  a  greater  elevation  of 

Fig.  16. 


Kf/lection  from  Curved  Sur/aca 

temperature  at  p  than  at  any  other  point.  This  point  is  there- 
fore called  the  Focus,  and  p  a  ,  the  distance  from  the  focus  to 
the  centre  of  the  mirror,  the  focal  distance.  In  the  figure,  the 
rays  of  heat  are  passino;  from  r  to  k  to  f  ,  in  the  direction  of 
the  arrows ;  but,  reciprocally,  if  the  hot  body  be  placed  at  F , 
the  rays  of  heat  will  pass  from  p  to  k  ,  to  h  ,  to  a  ,  to  t  ,  to  d  , 
and  from  these  points  be  reflected  in  lines  parallel  to  each  other ; 
should  tlie<e  rays  then  fall  upon  a  second  spheriail  mirror  ex- 
actly opposite  to  the  first  they  will  be  reflected  a  second  time, 
and  concentmted  at  its  focus. 

75.  BzperimeAti  on  Radiation  and  Reflection  with  two 
Concave  Mirrori.  Let  two  concave  mirrors,  made  of  polished 
brass,  and  from  twenty  to  thirty  inches  in  diameter,  be  placed 
exactly  opposite  to  each  other  and  ten  or  fifteen  feet  apart ;  Fig. 
16.  In  the  focus  of  one  mirror  place  a  flask  of  hot  water,  ajid 
in  that  of  the  other  a  thermometer,  with  a  screen  of  paper  or  glass 
between  them ;  the  focus  of  mirrors  of  this  size  is  about  4^  or  o 
inches  from  their  centres.  Remove  the  screen,  and  the  ther- 
mometer will  at  once  begin  to  rise.  If  a  cannon  ball  heated 
below  redness  be  employed  instead  of  the  bottle  of  hot  wafer, 
the  effect  upon  the  thermometer  will  be  more  decided.  That 
this  effect  is  due  not  to  direct  radiation  from  the  ball  to  the 
thermometer,  but  to  a  double  reflection  from  both  mirrors,  may 

Show  how  heat  is  reflected  by  it. — 76.  Describe  the  experiments  with  coDcaTe  mirrtna. 
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be  shown  by  moving  the  thermometer  from  the  fbons  toward 
the  hot  ball,  when  it  will  be  seen  that  the  mercury  falls  instead 
of  ming ;  and  still  more  conclusively  by  placing  a  screen  be* 

Fig.  16. 


Reflection  of  Heat. 

tween  the  ho*  ball  and  its  mirror,  the  thermometer  being  in  the 
locus  of  the  other  mirror.  In  the  latter  case  there  is  an  opportu- 
nity for  direct  radiation  of  heat  from  the  ball  to  the  thermometer, 
but  none  for  reflection,  and  yet  the  mercury  falls ;  remove  the 
screen  so  as  to  allow  the  reflected  heat  to  fall  again  upon  the 
thermometer,  and  the  mercury  will  at  once  begin  to  rise,  show- 
ing tliat  the  eflect  is  due  in  both  cases,  not  to  radiation,  but  to 
reflect'on.  When  a  red  hot  ball  is  placed  in  the  focus  of  one 
mirror,  water  may  actually  be  boiled,  and  tinder,  phosphorus, 
and  gunpowder  ignited  in  the  focus  of  the  other.  Similar  ex- 
periments may  be  performed  with  a  pif^ce  of  gilt  paper  rolled 
into  the  form  of  a  hollow  truncated  cone,  open  at  both  end.s, 
thfi  metallic  surface  being  in-^ide,  and  a  hot  ball  placed  opposite 
the  largf»r  opening  of  the  cone.     The  rays  of  heat  which  enter 

Show  that  the  effect  is  doe  to  reflection,  and  not  to  direct  radiation. 
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the  cone  will  be  reflected  in  such  a  way  as  to  be  concentrated 
at  a  focus  beyond  ihe  smaller  end,  in  which  phosphorus  and 
gunpowder  way  be  tired,  Fig.  17.    A  silver  spoon  held  in  such 

Fig.  17. 


Reflection  of  Heat  by  Gilt  Cone. 

a  position  before  the  fire  as  to  reflect  the  light  to  a  fo?us  will 
al'O  concentrate  the  rays  of  heat  to  such  a  degree  as  to  burn 
the  hand  and  scorch  a  piece  of  paper. 

76.  The  different  Reflectingr  Powers  of  diflbrent  Snbstan- 
cesL  This  was  determined  by  Mr.  Le-l  e  with  an  apparatus  rep- 
resented in  Fig.  13 :  m  is  a  cube  of  boiling  water,  at  21 2° ;  it  is 
placed  in  front  of  the  mirror  n  ,  on  a  Ihiii  pei'pendicular  to  its 
middle  yioint.  The  rays  of  heat  proceeding  from  the  cube  are 
reflected  by  the  mirror  upon  a  plate  a  made  of  the  substance 
whose  reflecting  power  is  to  be  determined,  which  is  placed  ex- 
actly in  the  focus  of  the  mirror.  By  this  plate  the  rays  of  heat 
are  reflected  a  second  time  upon  the  bulb  of  a  differential  ther- 
mometer, and  the  number  of  rnys  reflected,  or  the  reflecting 
power  of  the  plate,  is  measured  by  the  effect  which  is  produced 
upon  this  instrument.  Taking  the  reflecting  power  of  brass  as 
100,  it  was  found  by  this  process  that  silver  wa-*  SO,  tin  80, 
steel  70,  lead  60,  Ind  a  ink  13,  gl:iss  10,  oiled  glass  5,  glas 
moistened  0,  lampblack  0.  Thus  it  was  proved  that  the  reflect- 
ing power  of  the  nv  tals  is  much  greater  than  that  of  othrr 
bodies,  and  it  has  since  been  shown  by  Melloni  that  of  all  the 
metals  mercury  [)Oisesses  the  greatest  reflecting  power. 

IVjHTHbc  th«  experiment  with  con©  of  ifilt  paper. — 76-  Dcwriho  Leslie's  experiments 
for  th«  pnrpo«e  of  determiaing  the  relative  reUecting  power  of  dlOereut  laUtancev. 
State  hi4  result!. 
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77.  The  apparant  Radiation  and  Rejection  of  Cold.  Thore 
is  an  interesting  experiint^t  orij^inally  pcribrmed  by  the  Flon'ii- 
tine  Academicians,  whicli  seems  to  prove  tlie  nid:}it:o:i  and  re- 
flection of  cold.  If  a  piece  of  ice  be  placed  in  ihi  fjv-us  oKone 
of  the  mirrors,  a  thermometer  in  the  fojus  oF  the  oth:M*  m  n*or 
will  immediately  descend,  and  then  rise  again  as  .^ooa  as  tiie  ice 
is  removed.  From  this,  it  might  ba  inl'en-ed  that  there  are 
frigorific  rays,  posses  ed  of  the  power  of  communi-a  ing  cold- 
ness-; but  it  is  evident  that  in  this  ca  e,  acco  ding  to  the  theory 
o;*  M.  Prevost,  the  thermome:er  falb  because  it  radiates  more 
heat  than  it  receives,  and  not  in  con  equeuce  of  the  influence 
of  fngorific  rays.  In  relatio  i  to  the  ice  the  th'M'mumeter  is 
really  a  hot  bOvly,  and  its  tempera: ure  sinks  when  placed  in  the 
focus  of  the  miiTor,  because  it  radiates  more  heat  to  the  ice 
than  is  radiated  to  it  by  the  ice :  as  ^oo:l  as  the  ice  is  removed 
the  thermometer  i*eceives  as  much  heat  as  it  radiates,  and  its 
previous  tempera' ure  is  resto.*ed.  It  is  on  the  same  principle 
that  a  sensation  of  cold  is  experienced  on  approaching  a  wall 
or  a  building  whose  temperature  is  much  lower  than  our  bodies, 
viz.,  because  we  radiate  more  heat  than  we  receive. 

78.  The  material  of  which  Mirrors  are  made  aTects  their 
power  of  reflecting'  Heat.  There  is  a  remarkable  differ- 
ence between  the  substances  of  which  mirroi"s  are  made  wiih 
respect  to  their  power  of  reflecting  heat,  though  their  polish 
may  be  equal.  Thus  if  thL»  experiments  already  described  be 
made  with  a  concave  glass  mirror  covered  in  the  usual  manner 
with  amalgam,  ihny  will  not  succeed.  A  red  hot  cannon  ball 
or  a  basket  of  burning  charcoal  placed  in  the  focus  of  such  a 
mirror  can  not  be  made  to  inflame  phosphorus  or  tinder  in  the 
ibeus  of  the  o  her.  The  mirrors  themselves  become  warm  and 
apparently  ab-orb  the  heat  without  reflecting  it,  while  they  re- 
flect liglit  in  the  usual  manner,  as  may  be  shown  by  substituting 
a  blackened  card  for  the  phosphorus  in  the  focus  of  one  of  the 
mirrors;  a  bright  spot  of  light  will  immediately  be  foimed, 
which  is  evidently  the  result  of  reflection.  It  is  necessary  that 
miiTors  should  be  made  of  brightly  polished  metal  in  order  to 
reflect  bo:h  light  and  heat.     If,  however,  solar  light  be  used  in 

fthe.^e  experiments,  instead  of  artiflcial  light,  it  is  found  that  glaa^ 
mirrors  will  reflect  the  sun's  light  and  heat  without  becpming 

77.  "What  effect  in  produced  If  ice  In  introduced  into  the  focus  of  one  mirror?  Does 
thi<  proTe  tae  radl  iHon  and  refiection  of  cold  f — 78.  W*hat  effect  hn«  t'ae  material  cf 
TThicn  the  mirroni  nre  made  I  IT  hOAt  light  bo  employed,  does  the  material  of  the  mL> 
lors  exert  any  inttueoce  ? 
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sensibly  warmed  thom«elve.^.  This  shows  that  the  Fouree  from 
whieh  the  heat  proeeeJs,  as  well  as  the  material  of  which  ihe 
m'rrurs  are  made,  has  a  gi'eat  elTect  upon  the  amount  of  heat 
rcflecleJ. 

79.  Practical  Applicatio3&3.  The  power  that  brightly  pol- 
ished raclallic  surfaces  pos  ess  of  throwing  off  the  rays  of  heat 
which  fall  upon  them,  is  often  u  ed  for  the  purpose  of  protection 
against  high  tempsrature-,  and  for  preventing  bodies  from  be- 
coming dangerously  heated.  Thus  andirons,  if  brightly  polished, 
will  remain  comparatively  cool,  notwi'h^tanding  their  proximity 
to  tlie  fire,  while,  if  roufrh  and  unpoli>hed,  they  will  become  too 
hot  to  be  touched.  Water  contained  in  a  bumihed  silver 
pitcher  can  with  difficulty  be  heated,  even  when  placed  directly 
before  the  fire :  the  same  amount  of  water  in  a  roujrh  iron  ket- 
tle at  an  equal  distance  fn)m  tl;e  fire  would  speedily  be  made 
to  Loll.  Nor  is  it  neces.-ary  that  the  protecting  sur.'ace  should 
be  of  any  great  thickness.  The  thinnest  coating  of  bright 
metal  reflects  he  \t  a<  jerfectly  as  a  folul  metallic  plate ;  a  mere 
covering  of  gold  leaf  will  enable  a  per.-on  to  place  l:is  finger 
within  a  very  small  distance  of  red  hot  iron  or  oilier  incan- 
descent body,  while  the  hand  would  be  burned  at  ten  times  the 
d'stanec  if  unprotected.  If  a  piece  of  red  hot  iron  be  held  over 
a  sheet  of  paper  upon  whicli  some  letters  have  been  gilded,  the 
uncovered  intervals  will  be  ecorched,  while  the  letters  will  re- 
main uulamished.  Wood  work  in  the  vicinity  of  stoves  and 
furnaces  can  be  perfectly  protected  by  a  covering  of  bright  tin. 
If  the  bulb  of  a  thermometer  be  coated  ^Wth  tin  foil  it  will  re- 
main comparatively  unaffected  by  changes  of  temperature. 
The  pol  shed  metallic  helmet  and  cuirass  woni  by  soldiers  are 
cooler  than  might  be  imagined,  because  the  polished  metal 
throws  off  the  niys  of  the  sun  and  can  not  easily  be  raised  to 
an  inconvenient  temperature. 

In  like  maimer  heat  can  be  concentrated  by  reflection.  The 
Dutch  oven  reflects  the  heat  of  the  fire  upon  the  meat  placed 
within  it,  provided  its  inside  surface  be  kept  brightly  burnished. 
The  most  refractor}"  sub  tances  can  be  melred,  and  even  the 
diamond  can  be  ignited  and  wholly  con  umed  in  the  focus  of  a 
concave  mirror,  placed  so  as  to  conceiitmte  the  full  strength  of 
the  solar  rays.  It  was  by  a  large  number  of  jilane  mirrors, 
each  one  held  by  a  single  man,  and  so  adjusted  as  to  reflect  the 

79-  Describe  nomc  of  tbo  pnctical  applications  of  reflection  of  heat.  Is  It  neceMary 
tli.t  the  rpflertinr;  ffurficv  oh'ml'i  po)*w>i  nny  great  tlilckness?  I>escribe  tli«  proc«u 
hy  wliicti  Archimedes  set  fire  to  tbe  RcMoan  fleet. 
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leat  of  the  sun  upon  a  single  point,  that  Archimedes  i?  said  to 
have  set  on  fire  the  Roman  fleet  befbie  Syracuse.  The  cele- 
brated French  Philosopher,  Buffoii,  rejieated  this  experiment  in 
the  last  century,  and  constructed  burning  mirrors  which  were 
able  to  accomplish  similar  results.  These  mirrors  were  made 
of  a  great  number  of  highly  polished  pieces  of  plane  gla?s, 
eight  inches  long  and  six  broad,  which  were  placed  in  such  a 
manner  that  the  rays  reflected  from  every  piece  could  be  concen- 
trated on  one  point.  By  employing  128  such  pieces  of  glass 
Buflbn  succeeded,  at  a  distance  of  220  feet,  in  firing  a  pitched 
wooden  plank  by  the  heat  of  a  summer's  sun. 

80.  The  Reflection  of  Heat  by  Fire  Places.  The  first 
great  improvement  in  the  construction  of  fire-places  consi-ted 
in  building  the  sides  at  an  angle  to  the  back,  so  that  the  heat 
proceeding  from  the  fire  might  be  thrown  into  the  room  instead 
of  being  reflected  from  one  side  to  the  o'her  until  it  was  finally 
absorbed.  The  up^ier  part  of  the  back  of  the  fire-place  was 
also  inclined  forward  at  an  angle  to  the  lower  part,  for  the  same 
reason  and  for  the  purpose  of  contracting  the  throat  of  the 
chimney.  The  angles  of  inclination  should  be  135°,  as  repre- 
sented in  the  accompanying  figures,  and  the  brighter  the  sides 
and  the  back  of  the  fire-place  the  greater  the  amount  of  heat 
reflected  into  the  apartment.  The  ground  plan  of  the  old  con- 
struction is  represented  in  Fig.  18;  of  the  new,  in  Fig*  19. 


Fig.  18. 


Fig.  19. 


Old  Fire- Place. 


New  Fire-Ptaee. 


The  angle  of  incidence  is  the  angle  which  the  ray  of  heat  that 
falls  upon  the  side  of  the  fire-place  makes  with  the  line  drawn 
perpendicular  to  that  side  at  the  point  of  contact  of  the  incident 
ray,  and  the  angle  of  reflection  l^eing  equal  to  the  angle  of  inci- 
dence, it  is  evident  ttiat  in  Fig,  19  the  incident  rays,  a  b  c  and 

DeMTibe  BulTon's  repetition  of  this  experiment.— 80.  State  the  appUcation  of  these 
principles  to  the  construction  of  fire-places. 
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Fig.  20. 


HankUnJs  Improvement. 


d  wUl  be  reflected  in  the  directions  a  h  c*  and  d ,  and  thus 
find  their  way  into  tlie  room;  wliile  in  Fig,  18,  the  rays  must 
necessarily  iall  in  suiih  a  manner  upon  the  side  of  the  lire-i)lace 
Inat  tlie  greater  part  of  them  will  be  reflected  from  one 
side  to  the  other,  until  they  are  ultimately  disnpated  and 
lost  in  the  chimney,  those  only  which  fail  perpendicularly  upon 
tae  back  bemg  reflected  directly  into  the  room.     In  Fiy.  20  is 

shown  the  same  fire-place  in 
elevation.  This  improvement 
was  made  by  Dr.  Franklin,  and 
is  found  in  the  okl-fashicned 
Franklm  stove,  which  pospesges 
alo  this  additional  advanrage: 
tiiat  all  the  heat  which  is  ab- 
sorbed by  the  iron  is  diffused 
through  the  air  of  the  a{iart- 
ment  by  convection,  and  thus 
prevented  from  being  lost. 
Though  the  mode  of  warming  houses  by  means  of  fire-places 
has  nearly  passed  out  of  use,  this  improvement  of  Dr.  Frank- 
rn*s  deserves  to  be  remembered  as  being  truly  philorophical  in 
its  character.  It  would  greatly  conduce  to  the  public  health  if 
our  houses  were  more  commonly  warmed  in  this  manner,  le- 
cau5^e,  by  keeping  up  a  continual  draught  it  favora  ventilation 
and  produces  a  mild  and  gentle  temperature. 

81.  The  AbsorptioQ  of  Radiant  Beat.  Bod'es  difler  very 
•  much  in  their  power  of  absorbing  radiant  heat.  The  abeorbing 
power  of  a  body  is  always  in  the  Inverse  proportion  of  its  re- 
flecting power;  if  it  be  a  good  reflector,  it  is  a  joor  abfoiber, 
and  vice  versa.  To  determine  the  absorbing  f  ower  of  bodes, 
Leslie  made  use  o^  the  apparatus  which  he  employed  for  deter- 
mining their  reflective  power,  see  Fig,  13 ;  omitting  the  plate 
a ,  and  placing  the  bulb  of  the  thermometer  exactly  in  the 
focus  of  the  mirror.  This  bulb  was  covered  successively  with 
lampblack,  varnish,  gold,  silver  and  copper  leaf,  and  the  ther- 
mometer, under  the  influence  of  a  constant  source  of  heat,  m  , 
rose  or  fell,  as  the  substance  with  which  it  was  covered  absorbed 
more  or  less  heat.  In  this  way  it  was  found  that  the  absorbing 
l>ower  increased  as  the  reflecting  power  diminished.  It  was 
also  discovered  that  those  bodies  which  are  good  radiators  also 


81.  How  ijt  the  absorpUou  of  radiant  heat  dotermioed?    What  ia  its  zelation  to  th* 
power  of  reflection  ? 
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abu>rb  heat  readily,  and  that  the  power  of  absorption  is  directly 
proporti3nal  to  the  power  of  radiation.  Thus  lampblack,  which 
is  a  g  )od  radiator,  is  also  a  good  absorber ;  and  in  general,  the 
m(}VQ  ro  igh  and  uneven  the  surface,  the  more  freely  does  it 
allow  radiant  heat  to  enter  it. 

82.  Tho  Absorption  of  Heat  is  much  aSbcted  by  Color.  The 
color  of  a  body  has  a  great  effect  upon  its  ab  orbing  power. 
B  ack  absorbs  the  most,  and  white  the  least.  This  fact  w^as 
first  noticed  by  Dr.  Franklin,  who  placed  pieces  of  different  col- 
ored clothe  upon  the  snow  in  the  sunlight,  and  observed  tliat 
the  melting  extended  to  the  greatest  depth  under  those  which 
had  the  darkest  color.  If  pieces  of  copper  be  painted  of 
different  colors,  placed  upon  a  cake  of  wax  and  exposed  to 
the  sun,  a  similar  result  wi.l  follow.  If  the  bulb  of  a  ther- 
mometer be  covered  with  pa'nts  of  different  colors  arid  pi  iced 
in  the  sun,  thi  mercury  will  rise  the  highest  when  the  darke.-t 
colors  are  employed.  This  is  not  only  true  of  hc-at  associated 
with  light,  but  of  non-lnmlnous  heat  also.  Thus  when  different 
colored  wools  were  wound  upon  the  bulb  of  a  thermometer,  and 
the  in  itrumant  inclosed  in  a  glasi  tube  immersed  in  hot  water 
at  212°,  it  was  fo  ind  that  the  effect  upon  the  thermometer  varied 
with  the  color  of  the  wool.  When  black  wool  was  used  the 
m  rcury  ro^e  from  50°  to  1 70  in  4'  30 ' ;  dark  green,  in  5  ; 
scarlet,  in  5'  80" ;  white,  in  8'.  Practical  application  is  made  of 
these  facts  hi  the  selection  of  clothing ;  black  colors  should  not 
be  used  in  summer,  because  they  absorb  heat  re:idily;  but 
w.iite,  bacause  i\i\ty  absorb  slightly  and  reflect  powerfully.' 
B!ajk  and  dark  colored  glass  may  be  used  with  advantage  in 
green-houi.;s  and  hot-beds,  because  it  absorbs  heat,  and  elevates 
the  temperature  to  a  much  greater  extent  than  clear  and  trans- 
parent glass.  In  the  Alps,  the  mountaineers  accelerate  the 
mi' ting  of  the  snow  by  scattering  earth,  ashes,  and  other  dark 
colored  subitancjes  upon  its  surface. 

83.  TraasmUsioa  of  Radiant  Heat.  When  radiant  hent  is 
not  reflected  or  ab  orbed  by  the  surfaces  on  which  it  falls,  it 
must  of  necessity  be  transmitted.  If  it  be  entirely  transmitted, 
no  elevation  of  temperature  is  produced  in  the  body  through 
which  it  p  isrc.  There  are  but  few  substances,  however,  which 
thus  transmit  heat;  generally  a  portion  of  it  is  absorbed,  and  an 
elevation  of  temperature  in  the  transmitting  body  produced. 

82.  Show  th.it  the  power  of  Absorption  is  Affected  by  color.  Ib  non  luminou*  heat  uf- 
f-eted  in  the  Mme  munner?  How  can  this  be  proved?  State  noaie  of  fte  practical  «p- 
piimtionM.  -83.  Whenradlint  4ieit  l<  not  reflected  or  absorbed,  what  becomes  of  it? 
If  beat  be  entirely  tnuuiuitteJ,  wiiat  eJect  id  produced  upon  tompentuie  t 
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84.  The  Tranimiflsion  of  Radiaut  Heat  by  any  mbftaaca 
dspejdi,  to  a  ^eat  decree,  upon  the  tonrce  from  which  ihe 
Heat  proceeds.  If  a  piece  of  glass  be  held  between  the  bulb 
of  a  thermometer  and  the  sun^  scarcely  any  diminution  of  tem- 
perature will  be  observed  in  the  thermometer,  and  scarcely  any 
elevation  of  temperature  in  the  glass  itself.  But  if  the  same 
plate  of  glass  be  held  between  a  brightly  burning  Jire  and  the 
thermometer,  it  will  be  found  to  intercept  nearly  all  the  rays  of 
heat,  while  at  the  same  time  its  own  temperature  will  be  greatly 
elevated.  The  common  glass  lens,  called  the  burning  glars, 
collects  the  heat  of  the  sun's  rays  to  a  focus  so  as  to  produce 
combustion  without  having  its  own  temperature  at  all  increased , 
but  if  exposed  to  any  source  of  artificial  heat  and  light,  it  will 
collect  the  rays  of  light  to  a  focus  as  before,  but  will  not  con- 
centrate those  of  heat,  or  any  longer  pioduce  combust'on.  On 
the  contrary,  it  absorbs  the  rays  of  heat  as  ta«*t  as  they  fall  upon 
its  surface,  and  in  consequence  of  this,  its  temperature  rapidly 
ri^es.  In  like  maimer,  with  a  lens  made  of  ice,  Mr.  Faraday 
succeeded  in  concentrating  the  sun's  rays  eo  as  to  inflame  gun- 
powder ;  but  the  same  lens  held  before  a  brightly  burning  fire, 
while  it  would  concentrate  the  light  as  befb:  e,  would  no  longer  al- 
low the  passage  of  the  heat ;  absorption  of  heat  at  once  took  place, 
and  the  lens  was  rapidly  melted.  In  like  manner  the  rays  of  the 
sun  may  be  bo  concentrated  by  means  of  a  parabolic  mirror  as 
to  produce  a  bright  spot  of  light  and  inflame  a  combustible  sub- 
stance, or  even  fuse  metals  and  the  precious  stones,  and  if  a 
8crct»n  of  glass  be  interposed  between  the  sun  and  the  minor, 
or  between  the  mirror  and  the  substance  lo  be  niehed  or  burned, 
the  eflect  will  be  but  little,  if  at  all,  diminished.  But  let  a 
powerful  lamp,  or  a  brightly  burning  fire,  be  substituted  in  place 
of  the  sun  in  this  expenment^  and  it  will  be  found,  on  inter- 
posing the  screen  of  glass,  that  the  heating  effect  of  the  mirror, 
instead  of  remainujg  undiminished  as  befoi-e,  is  reduced  almost 
to  nothing,  while  the  bnghtness  of  the  spot  of  light  remains 
wholly  unchanged.  In  the  experiments  above  described  -iipoa 
the  radiation  and  reflection  of  heat  by  two  concave  minors, 
in  which  the  heat  is  derived  frotn  some  art'ficial  source,  if 
a  Fcreen  of  glass  be  interposc^i  between  them,  the  rays  of  heat 
will  be  entirely  intercepted,  and  the  glass  itself  be.  ome  seusi- 

84.  Til  there  iinv  connection  between  the  Amount  of  hent  trannnitted  and  the  Muroe 
froui  wliich  It  proceeds?  Give  lllufftrationa.  St;ito  the  difference  between  itolnr  and  ter< 
rentrial  heat  as  to  concentration  b-/  a  lenn.  Whnt  experiment  may  be  performed  wirh  a 
lens  made  of  ice  ?  Stat*  tiie  eJuct  of  a  concave  mirror  upou  beat  procvcdiog  firou  difEer* 
«nt  auurcM. 
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bly  warmed.  For  this  reason  glass  is  preferred  to  every  otlier 
material  for  the  manufacture  of  tire  screens,  because  it  absorbs 
all  the  rays  of  heat  that  proceed  from  the  fire,  wi  hojt  ob- 
structing the  cheerful  light  So  too,  it  is  used  to  fill  the  aper- 
tures for  observation  in  porcelain  and  metal  furnaces,  becau-ie 
on  account  of  its  transparency  it  allows  of  close  inspection  of 
what  is  passing  in  the  interior,  while  at  the  same  time,  in  con- 
sequence of  its  complete  absorpti9n  of  the  rays  of  heat,  it  shields 
the  eyes  and  face  from  the  excessive  temperature  to  which  they 
would  otherwise  be  exposed.  It  is  not  to  be  understood,  however, 
that  perfectly  transparent  glass  is  absolutely  impermeable  to  ier- 
resiricd  heat,  but  only  that  its  power  of  tran  ijaission  is  very 
small.  The  intense  heat  of  charcoal  ignited  by  galvanic  elec- 
tricity does  produce  a  certain  effect  upon  the  air  thermometer 
when  concentrated  by  a  glass  lens,  and  thin  plates  of  glass  will 
also  slightly  transmit  the  heat  of  a  powerful  ga^  burner. 

85.   Tranimission  of  Radiant  Heat  of  eqnal  intonsity  from 
differont  sources  different  for  the  same  snbstance.    These  facts 
were  confinned  by  some  experiments  made  by  Melloni,  an  Ital- 
ian philosopher,  who  paid  much  atten:ion  to  this  subject     In 
these  experiments  four  different  sources  of 
Fig.  21.         ijeat  were  employed,  viz. :  1st,  the  naked  flame 
of  an  oil  lamp;  2d,  ignited  platinum;  8d,  cop- 
per heated  to  750^  F. ;  and  4th,  copper  heated 
to  212°  F.     Although  these  different  sources 
differed  in  temperature,  the  experiments  were 
arranged  in  such  a  way  that  the  heat  proceed- 
ing from  each  was  in  all  cases  of  precisely 
equal   intensity;    this   was   accomplished  by 
varying?  the  distances  from  the  different  sour- 
ces of  heat  at  which  the  bodies  in  question  were 
:  placed.     The  proper  points  were  determined  by 
noting  the  distances  at  which  a  differential  ther- 
.  mome  er.  Fig.  21,  who-e  bulbs  were  covered 

monuter,  '^  with  lampblack,  was  required  to  be  placed  from 
each  ource  of  heat  in  order  to  rise  an  equal  num- 
ber of  degrees  in  the  same  time.  Then  thin  plates  of  rock  salt, 
flnor  spar,  alum,  and  other  substances  whose  power  of  trans- 
mis?*ion  was  to  be  determined,  were  phiced  in  turn  at  the  e 
ascertained  points  opposite  the  various  sources  of  heat  employed. 

Why  is  ^1m8  admirably  ndnptod  for  fire  dcrrens  ?    Is  gla^s  hnpermcable  to  terrestrial 
h«at  of  «Tei7  kind? — 85.  Give  an  acoouut  of  the  experiments  of  Meiloni. 
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In  this  manner  the  heat  wliich  fell  upon  each  plate  from  every 
one  of  the  sources  emj)loyed  was  made  to  be  of  exactly  equal 
intensity.  Finally,  the  amount  of  heat  transmitted  by  each  sub- 
stance was  ascertained  by  observing  the  effect  produced  upon  a 
delicate  thermo-multiplier  placed  in  succession  at  an  equal  distance 
i'rom  each  plate  on  the  side  opposite  to  that  from  which  ihe  heat 
proceeded.  The  results  are  contained  in  the  following  table. 
The  figures  not  only  indicate  the  comparative  capacity  of  differ- 
ent substances  for  transmitting  heat  from  the  sfime  source,  or 
their  diathermancy^  as  it  is  called,  but  alto  demonstrate  the  re- 
markable fact  that  this  capacity  varies  in  mo.-t  cases  with  the 
source  from  which  the  heat  proceeds,  notwithstanding  the  inten- 
sity of  the  heat  that  is  received  from  each  is  exactly  equal. 
The  explanation  of  this  singular  fact  is,  that  there  are  different 
kinds  of  heat  emitted  by  different  sources,  and  that  a  body 
which  is  permeable  to  one  kind  is  not  necessarily  so  to  all. 
The  only  exception  to  this  rule  is  found  in  rock  salt,  which, 
it  will  be  observed,  transmits  heat  equally  well  from  whatever 
source  it  may  proceed.  This  substance  is  in  all  cases  peri'ectly 
transcalent  to  heat 


'  Mello7iVs  TabUj  showing  the  amou^U  of  Heat  from  different  ^onrces^  but 
of  the  name  inieasUyy  that  is  transmitted  by  different  substances. 


Each  Plate  was  0.102  Inch  thick. 

Naked 
Flame. 

Ignited 
Platinum 

Copper 
760O  F. 

Copper 
2120  F. 

Rock  Salt,  limpid,    . 

92.3 

92.3 

92.8 

92.8 

Sulphur,  Sicily,     . 

74 

77 

60 

64 

Fluor  Spar,      .... 

n 

69 

42 

83 

Rock  Salt,  cloudy, 

65 

65 

66 

65 

Beryl,  greenifih  yellow,    . 

46 

88 

24 

20 

Iceland  Spar, 

89 

28 

6 

0 

Plate  Glass,     .... 

89 

24 

6 

0 

Quartz,  limpid,     . 

88 

28 

6 

8 

Quartz,  smoky, 

87 

28 

6 

8 

Topaz,  white. 

88 

24 

4 

0 

Tourmaline,     .... 

18 

16 

8 

0 

Citric  "Acid, 

11 

2 

0 

0 

Alum, 

9 

2 

0 

0 

Sufjar  Candy, 

8 

1 

0 

0 

These  experiments  establish  the  general  truth  that  the  amoimt 
of  heat  transmitted  by  any  substance  is  dependent,  to  a  certain 
extent,  upon  the  source  from  which  the  heat  proceeds.     Solar 


Stnto  the  results  of  hio  experiinentn.     AVhy  is  salt  called  a  perfect  diathennic  ? 
important  truth  is  established  b>  hii  experiment*  ? 


What 
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radiant  heat  finds  a  readier  passage  through  transmitting  meLia 
tUan  that  from  any  other  source. 

86.  Transmission  of  Radiant  Heat  from  tho  same  sonrce, 
^iSisrent  for  diJerent  substances.  Diathermancy.  The  amount 
of  radiant  heat  transmitted  depends  not  only  upon  the  source 
from  which  the  heat  is  derived,  but  aho  upon  the  nature  of  the 
transmitting  substances.  Thus  the  rays  of  heat  from  a  brightly 
burning  fire  are  hardly  transmitted  at  all  by  a  piece  of  clean,  trans- 
parent, colorless  glass,  but  very  readily  by  a  piece  of  black  glass. 
Transparent  alum  is  nearly  as  impermeable  to  heat  as  colorless 
gla«$s,  while  rock  salt,  which  is  almost  perfectly  opaque,  will 
transmit  it  with  the  greatest  i-eadiness.  This  power  of  transmit- 
tin;^  nuliant  heat  is  called  Diathermancy.  Tho^e  bodies  which 
give  it  a  ready  passage  ai-e  called  diathermanojs,  while  those 
which  al'o.v  it  to  pass  with  ditficulty,  or  intercept  it  altogether, 
are  called  aflia'hermanous.  Rock  salt  is  the  most  perfect  dia- 
ther  nario  is  body  known,  and  its  wonderful  power  in  this  respect 
can  by  shov\'n  by  the  apparatus  represented  in  Fig,  22.    Let  s  be 

Fig.  22. 


Diathermancy  of  Rock  Salt. 

a  plate  of  rock  salt,  and  G  one  of  glass,  both  at  equal  distapoes 
from  the  ball  of  iron,  which  is  heated  nearly  to  redness.  Let 
p  p  be  bits  of  phosphorus,  supported  at  equal  distances  from 
the  plates  s  and  G ,  behind  which  they  are  respectively  placed. 
The  plate  of  ro -k  salt  is  four  times  thicker  than  the  plate  of 
glass,  and  is  also  nearly  opaque ;  but  notwithstanding  this,  the 

86.  Is  the  tninitTni.<tMon  of  radiint  hpnt  fr^mi  the  name  nourw  the  Ramo  for  nil  iniHlia? 
ITow  is  the  rel-itive  dUthi;riuaQcy  of  diiferuut  ifoUdu  deiermiued .'  D«Mcribtt  th«  experl- 
nuait  iUiutnitvU  b/  Fig.  2^ 
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pliosphonis  behind  it  will  be  inflamed  some  time  sooner  than 
that  which  is  behind  the  glass.  In  like  manner,  if  the  hands 
be  placed,  one  behind  each  plate,  the  diflei*enc*e  in  traiismissive 
l)Ower  will  be  very  perceptible,  and  if  two  large  air  thermome- 
ters be  used,  this  dltference  will  be  made  very  manifest  by  the 
rising  of  one  much  higher  than  the  other. 

87.  Diathermancy  ia  not  proportioned  to  Transparency. 
Diathermancy  bears  the  same  relation  to  radiant  heat  that 
transparency  does  to  light.  Transparency  and  diathermancy 
are,  however,  by  no  means  pro'portlonal ;  on  the  contrary,  often 
the  most  transparent  substanc*es  ai-e  by  no  means  as  diatherma- 
nous  as  those  which  are  opaque.  Black  glass  will  allow  the 
rays  of  terrestrial  heat  to  pass  tliroujrh  it  much  more  readily 
than  that  which  is  perfectly  clear  and  transparent.  Transparent 
alum  and  ice  intercept  the  rays  of  heat  almost  entirely,  while 
brown  rock  crystal  and  rock  salt,  which  are  quite  opaque, 
furnish  it  a  ready  passage.  Pure  water  ari-ests  mdiant  heat 
almost  entirely,  while  the  reddish  liquid,  chlonde  of  sulphur, 
allows  it  to  pass  with  freedom.  Sulphate  of  copper  allows  the 
passage  of  blue  light  abundantly,  but  arrests  the  rays  of  heat 
entirely.  Mechanical  arrangement  has  much  influence  upon 
diathermancy.  Pulverization  almot  completely  destroys  the 
power  of  transmitting  heat.  Rock  salt  powdered  is  almo4 
completely  adiathermanous,  and  the  same  is  true  if  it  be  dis- 
solved in  water;  a  solution  of  rock  Fait  is  neaily  as  adiathenna- 
nous  as  a  solution  of  alum.  This  is  in  analogy  with  the  eflect  of 
change  in  mechanical  aiTangement  upon  the  transmi.-sion  of 
light.  Pure  sugar  candy  is  transparent,  but  ground  to  powder, 
it  becomes  opaque ;  and  the  clearest  glass,  if  pulverized,  loses 
its  transparency  and  becomes  entirely  inqK»rvious  to  light. 

88.  nielloni's  ezperimente  on  the  Diathermancy  of  Solids. 
In  these  experiments,  from  which  the  greater  part  of  our  knowl- 
edge on  this  subject  is  derived,  the  heat  trauj^mitted  was  meas- 
ured by  the  thermo-multiplicr,  an  instrument  much  moi^e  sensi- 
tive to  small  degrees  of  heat  than  any  thermometer.  It  is,  in 
fact,  the  most  delicate  measure  of  heat  known,  and  is  liow  em- 
ployed almost  exclusively  in  researches  of  this  description. 
The  principle  upon  which  it  is  constructed  is,  that  heat  has  the 
power  of  exciting  electricity,  and  the  more  intense  the  heat,  the 

87.  What  i«  dinthermnncy  ?  Is  there  any  reUtion  between  iHathermnncv  nnd  tr«n»- 
parenoy  ?  Give  illuAtnitions.  What  effect  haw  nieohnnical  dirMoii  uytnn  diathermancy  ? 
Oivc  illuiitnitioDS.— 88.  Describe  the  tbenuo-inulUplier  \XMsd  by  Meilooi  in  his  expeii- 
meuta 
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more  powerful  the  current  of  electricity.  TliLs  electri -ity  may 
be  measured  witli  great  accuracy  by  the  galvaiiouiiiter,  an  ui- 
Btrumeut  which  will  be  described  hei-eafler,  under  the  head  of 

electro-magnetism.* 
Fig-  ^  Tlie  general  aiTaiige- 

ment  of  Mel  ioni*s  ap- 
paratu.s  may  be  seen 
in  Fig,  23;  g  is 
the  galvanometer,  I. y 
which  (he  inrensiiy 
of  the  electric  cur- 
rent is  measuivd ;  D 
c  represents  the 
thermo-electric  pile 
by  which  the  electri- 
city is  pi-oduced;  t 
T,  are  eases  which 
fit  over  it  and  pi-o- 
tect  it  from  the  influ- 
ence of  surrounding 
objects  ;  x  and  y 
are  wiixjs  which  con- 
vey the  electricity  to 
the  galvanometer.  At  s  the  substance  is  placed,  whose  tians- 
mi-^sive  jwwer  is  to  be  determined,  mid  to  the  left  of  it,  but  un- 
represented in  the  figure,  stands  the  lamp  or  o  her  Fource  of 
hi'At  employed.  The  results  of  these  experiments  may  be  seen 
fiom  an  examination  of  the  different  columns  of  the  table  previ- 
ously given^  §  85.  Thus  in  the  first  column,  where  the  results 
are  tho^e  which  were  obtained  by  employing  the  naked  fiame 
of  an  oil  lamp,  the  diathermancy  is  as  follows : 

Mellon€a  table  of  Diailiermaney^  »homng  the  amount  of  heat  from  ih€ 
same  wurce  that  is  transmitted  by  different  stdfsianves. 

Each  Plate  wan  0  102  inches  thick.    Source,  nnlcvil  r.:in:e. 


MeUoni's  Apparatus. 


Rock  Salt,' 

92.33 

Quartz,  limpid, 

33 

Sulphur, 

74 

Quartz,  smo!;y,     . 

37 

Fluor  Spar, 

72 

Topnz,  white,  . 

33 

Kock  Salt,  cloudv, 

65 

iTouruinline, 

18 

Bervl,  vellow  greenish,    . 

46 

Citric  Acid,      . 

11 

Icelitad  Spar, 

39 

jAhmi, .... 

9 

PLite  Gl8!»8,     . 

39 

Suirar  Candy,  . 

8 
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It  is  evident,  therefore,  tliat  substances  of  equal  transparency 
aud  equal  thickness  difler  most  ]*emarkably  in  their  power  of 
transmitting  heat  from  tlie  same  source.  Melloni's  apparatus 
'  was  go  delivate  that  the  heat  proeeidmg  from  the  hand  was  at 
once  made  apparent  by  its  eflect  on  the  galvanometer,  and  a 
temperature  less  than  ^^i^j^  of  a  de*;ree,  F.,  could  leadi  y  be 
deiec  ed.  It  is  the  only  instrument  with  which  experiments  of 
th.s  k'ind  can  be  satisiactorily  perionned. 

89.  Tho  Diathermancy  of.  Liquids.  In  like  manner  it  was 
ascertained  that  liquids  difler  very  muth  in  their  power  of  tians- 
mitting  radiant  heat.  The  source  of  heat  was  an  argand  lamp, 
and  tlie  liquids  were  coniined  in  a  trough  of  glass,  the  op|.o.>iie 
faces  of  winch  were  distant  fiom  each  other  0.362  of  an  inch. 
Turj>entinc  was  found  to  tmnsmit  31  out  of  every  100  rays, 
while  ra|)e  seed  oil  transmitted  but  30,  olive  oil  30,  ether  21, 
alcohol  lo,  and  distilled  water  only  11.  Yet  all  thes-e  liquids 
are  almost  equally  transparent.  On  the  contrary  Chloi'de  of 
Sulphur,  which  is  of  a  reddish  color,  and  nearly  opaque,  allowed 
63  out  of  every  100  of  the  incident  rays  to  pa^^s  thiough  it, 
showing  in  a  striking  manner  the  entire  independence  of  trans- 
paix'ucy  and  diathermancy.  Pure  distilled  water  is  one  of  the 
mo.^t  adiatheimanous  li(}uids  known,  eighty-nine  per  cent,  of  the 
i-nys  of  heat  which  fall  ujjon  it  being  absorbed  without  peivep- 
tibly  raising  its  temperature.  A  beam  fiom  a  poweiful  electric 
light  may  be  sent  through  a  mass  of  ice,  without  melting  it,  pro- 
vided the  light  be  fir.-t  made  to  pass  through  a  stratum  of  water. 
The  heat  seems  to  be  completely  strained  out  of  the  learn  and 
ab'-orlxul  by  the  water,  raising  its  temperature  speedily  nearly 
to  the  boiling  point,  while  the  light  pas^^es  on  without  obstruc- 
tion. A  very  thin  stratum  of  water  is  quite  Fufficient  to  cut  off 
all  the  heat  that  may  be  thrown  upon  it  without  pei*ceptibly  in- 
terfering with  the  light.  It  theretbre  makes  excellent  sci-ecns 
for  the  protection  of  workmen  from  the  excessive  temperatures 
of  fumaces,  while  at  the  same  time  it  allows  them  to  keep  a 
watchful  eye  ujwn  all  that  is  going  on  within.  In  consequence 
of  t!.e  great  capacity  of  water  for  heat,  its  temperature  is  but 
sliglilly  affected  by  the  heat  proceeding  from  common  sources. 

What  infstrumpnt  Ls  cmploicd  to  moimiire  the  fntenj»ity  cf  thoh<«t?  Prove  theex> 
tremc  delicacy  of  t.iis  Instrument.  Wliut  fnicHon  of  a  degrw  can  be  measured  b\  it? 
fllvo  the  pcnoml  results  of  Mcnoni's  cxperlnicntu  nn  contnined  In  the  table.— 8©.  In  the 
di  tthennnncy  of  all  liquids  o<iunl?  Uo\r  wjis  thfir  diiithennnncy  detenuinvd?  Stata 
tlie  diithenuancy  of  rovernl  nnportant  liquids. — water.  Hlcohol,  ether.  Is  there  any 
e<inmTrlni  bi't>u^(;n  the  dlithermnncy  and  trsnsparvncv  of  liquids?  What  is  tii«  eflctt 
of  iwu  auU  yi^ua  upon  rodiaut  hc.t  ?    Why  do  they  uiaku  exv^lUrui  scitMrna  7 
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9<(.  The  DUtliennaiicy  of  Gases.  It  is  also  found  that  the 
different  gases,  though  they  may  be  equally  transparent,  trans- 
mit very  uneq  Jal  quantities  of  terrestrial  raJiant  heat.  Per- 
fectly dry  and  pure  Air  appears  to  transmit  ail  the  heat  that  falls 
upon  it  without  the  slightest  absorption.  The  same  is  true  of 
Hydrogen,  Nitrogen  and  Oxygen.  But  Carbonic  Acid,  which 
is  equally  transparent  with  these  gases,  has  a  transmissive  power, 
Air  being  taken  as  I,©!'  only  ^ff.  Tue  Illuminating  gas  of  cities 
lias  a  trmsmisslve  power  of  only  ^fc-  Ammonia  ttVj.  It  has 
also  been  found  that  moist  air  has  much  less  tmnsmissive  power 
than  dry  air,  and  that  if  the  air  be  perfectly  saturated  with 
watery  vapor  its  transmissive  power  is  diminished  ^,  The 
etfect  of  perfumes  diffused  through  the  air  is  the  same,  and  the 
vapor  of  alcohol,  ether  and  ammonia  produces  a  similar  result. 
It  is  the  elementary  gases,  i.  e,  those  which  are  incapable  of 
decomposition,  that  in  general  have  the  greatest  diathermancy 
aid  tlie  least  abs9rptive  power.  The  compound  gases  and 
vapors,  on  the  other  hand,  possess  the  lea^t  diathermancy,  and 
the  greatest  absorptive  power.  In  the  case  of  solids  it  has  been 
shown  that  good  ab-oibers  are  good  radiators.  The  same  is 
true  of  the  gases ;  those  of  them  which  have  the  least  diather- 
mancy, i.  e.,  tho^e  wliich  are  the  best  absorbers  of  radiant  heat, 
are  also  the  best  radialors,  and  allow  heat  to  escape  from  them 
most  readily.  The  amount  of  heat  transmitted  by  the  same 
gas,  und3r  the  same  ciccumUances,  depends  very  much  upon  the 
soarce  f  om  which  the  heat  proceeds. 

The  d  athermancy  of  the  gases  mentioned  above  was  deter- 
mined with  heat  of  low  intensity,  and  derived  from  various 
iei*restrial  sources.  The  heat  of  the  sun  passes  through  them 
With  much  less  absorption.  If,  however,  this  eolar  heat  be  al- 
io »ved  to  fall  upon  the  earth  it  is  radiated  again  as  terrestrial 
hL»at,  and  this  re-radiated  heat,  strange  to  say,  passes  with  gre^it 
difiiculty,  and  in  some  cases  is  entirely  unable  to  pass  at  all 
t'irough  the  air  and  other  transparent  media  which,  as  solar 
heat,  it  had  penetrated  with  the  greatest  ease.  The  moisture 
of  the  air,  which  then  had  little  power  to  obstiaxct  its  pa  sage, 
now  stops  it,  and  effectually  prevents  it  from  being  transmitted 
into  space  and  lost.     The  watery  vapor  in  the  atmosphere  has 

90.  Are  all  gntien  equally  diAthermanoufi?  What  is  the  difference  bettreen  therim- 
p'e  and  compound  Runs*  in  thio  rexpect?  What  influence  does  the  Murre  of  heat  have 
upon  t  V  dinthomi;  ncv  of  jfves ?  What  effk-t  \h  produced  upon  Holur  hcflt  when  re  ra- 
dl  iteJ  -r4!r  HlHtnrptioii  b  the  e  irth  ?  What  effect  hun  the  waUery  vapor  of  the  air  upon 
tke  escape  of  beat  from  ttie  earth  ? 
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the  parae  effect,  therefore,  as  an  envelope  of  glass  would  have  in 
confining  the  heat,  which  tends  to  escape  from  the  earth,  while 
it  allows  a  free  passage  to  the  solar  radiant  heat  which  is  tend- 
ing towards  the  earth.  The  practical  utility  of  this,  in  main- 
taining the  earth's  temperature,  is  obvious.  In  the  same  way 
the  perfume  which  rises  from  a  fiower-bed  prevents  the  escape 
of  a  large  proportion  of  the  radiant  heat  which  is  constantly 
striving  to  pass  from  the  earth,  and  thus  assists  materially  in 
keeping  the  soil  wann  and  productive.  This  must  have  a 
powerful  effect  upon  the  development  of  vegetation. 

91.  Diathermancy  explained  on  the  inppoiition  that  there 
are  diffcreat  kinds  of  Heat  analcgons  to  the  different  colors  of 
Light.  The  reason  why  heat  of  a  certain  intensity  and  known 
efu^ct,  proceeding  from  ono  source  will  pass  readily  through 
certain  transparent  media,  while  heat  of  the  same  intensity  and 
the  same  eflPect,  as  estimated  by  the  thermometer,  but  proceed- 
ing from  a  different  source,  altogether  fails  to  pa«s,  is,  that  there 
are  different  kinds  of  heat,  just  as  there  are  different  kinds  of 
light.  A  medium  which  will  transmit  one  kind  of  heat  will  not 
necessarily  transmit  another ;  just  as  one  piece  of  glass,  if  held 
up  to  -the  sun,  will  allow  only  the  red  rays  of  light  to  pass 
through  it,  ab-orbing  all  the  other  kinds,  while  another  piece 
will  only  allow  the  green  rays  to  pa^s,  absorbing  all  the  others ; 
or  just  as  a  piece  of  red  glass  will  al'ow  all  the  light  from  flame 
of  a  red  color  to  pa  s  through  it,  but  will  not  allow  that  from 
flame  of  a  blue  or  green  color  to  pass  t4i  rough  it  at  all.  The 
different  kinds  of  light  are  sufficiently  distinguished  from  each 
other  by  a  difference  in  color,  whicL  is  a  visible  property ;  the 
different  kinds  of  heat  not  being  thus  di^tinguished,  but  being  aQ 
equally  invisible,  it  is  necessaiy  to  resort  to  some  other  means 
of  distinguishing  them.  This  is  found  in  the  different  degrees 
to  which  they  are  bent  out  of  their  original  course,  or  the 
amount  of  refraction  they  undergo  when  passed  through  a  per- 
fectly transparent  prism  of  rock  ?aU.  This  substance  is  used 
both  because  it  is  the  most  perfect  of  all  diathermanous  sub- 
stances, and  also  because  it  is  equally  diathermanous  to  all  kinds 
of  heat 

92.  The  existence  of  different  kinds  of  Heat  oro^ed  hy  the 
separation  of  a  beam  of  Solar  Beat  by  a  Prism  into  rays  pos- 
sessed of  different  Rcfra'ag'ibility  and  diSerent  heating  power. 
When  the  rays  of  lr.*at  fall  at  an  oblique  angle  upon  the  surface 

What  effect  have  pcrftiin«t?— 81.  What  reason  U  awlgne<l  for  bent  fWwn  different  nour- 
OM  but  of  tlie  nme  intensity,  passing  ttirougU  Uie  suuu  medium  with  unequal  ikdlity  ! 
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of  any  substance  capiible  of  transmitting  them,  they  arc  bent 
out  of  their  course  in  passing  through,  or  in  o:her  words,  are 
refracted.  The  law  of  refniction  for  heat  is'  very  nearly  tlie 
same  as  that  for  light  This  is  proved  by  the  operation  of  tlie 
common  burning  glass,  for  it  refracts  both  the  hent  and  the 
1  ght  of  the  sun's  rays  to  nearly  tlie  same  degree,  and  concen- 
trates them  at  nearly  the  same  point,  so  that  the  brilliant  spot 
of  light  which  it  produces  is  also  the  point  of  greatest  intensity 
for  heat.  The  fact  of  the  refraction  of  rays  of  heat  may  al  o 
be  proved  by  the  use  of  a  triangular  glass  prism.  It  is  well 
known  that  if  a  beam  of  golar  light  be  transmitted  through  such 
a  prism,  it  is  separated  by  refraction  in:o  several  rays  diifering 
in  color  and  i-efrangibility.  Thus  if  a  beam  of  sunlight  bo 
allowed  to  enter  a  darkened  room  through  a  fine  slit,  and  fall 
upon  a  triangular  prism,  Fig.  24,  it  will  not  pass  through  the 

prism  in  a  straight 
line  and  form  a  bright 
spot  upon  a  screen 
of  the  same  size  as 
the  opening,  but  it 
will  be  bent  out  of 
its  course  and  throw 
upon  the  screen  an 
elongated  spot  of 
^^  light    compo  ed    of 

T%eDecompo^ianofiJ8hi.       "  different   colors,  ar- 

rang*  d  in  a  regular 
Bnccession,  and  always  in  the  same  order.  This  elongated  spot 
of  light  is  called  the  solar  spectrum,  and  is  composed  of  the  fol- 
lowing colors :  violet,  indigo,  blue,  green,  yellow,  orange,  i-ed. 
The  violet  rays  are  the  mo>t  refracted  from  the  original  coun^e 
of  the  beam;  while  the  red  rays  are  the  least  refracted,  and  the 
highest  illuminating  effect  is  found  to  be  in  the  yellow  ray. 
Now  on  applying  a  delicate  thermometer  to  the  different  colored 
rays  it  is  tbund  that  the  rays  of  heat  are  in  like  manner  not  col- 
lected at  one  point,  but  are  diffused  through  the  whole  spectrum, 
and  consequently  a  beam  of  solar  heat  is  composed  like  a  beam 
of  solar  light,  of  rays  of  heat  of  different  kinds,  and  possessed 
of  d.fferent  degrees  of  ixjfrangibility.     It  is  also  found  that  as 

93.  ProTe  that  there  are  different  kinds  of  heat,  flow  are  the  diTerent  l^inda  of  heat 
diMtineuiahed ?  What  is  meiint  by  refVaction  ?  What  is  the  law  of  refniction  for  heat? 
Dttwribe  the  refraction  of  solar  light,  and  atnte  the  colors  produced.  De^ribe  the  re- 
fkactioo  of  heat. 
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tlie  rays  of  li^rht  dlffiT  in  color,  as  well  as  in  refrangibility,  tSo 
the  rays  of  heat  differ  not  only  in  refrangibility,  but  al.»o  in 
t"inperature.  Thus  if  a  thermometer  placed  in  the  blue  ray 
of  tlie  spectrum  uidiciites  a  temperature  oY  56 ',  whin  brought 
down  uito  the  yellow  my  it  will  indicate  a  temperature  of  62*^. 
If  it  be  moved  into  the  orange,  the  mercury  will  rise  still  higher, 
and  continue  to  indicate  a  steadily  increasing  temperature  as  it 
approaches  the  lower  part  of  the  spectrum,  until  it  finally  at- 
ta'ns  its  maximum  of  7i)°  in  the  extreme  lower  portion  of  the 
red  ray,  23°  higher  than  in  the  blue,  and  17°  higher  than  in  the 
yellow  ray,  and  indicating  a  pro:^ressively  increasing  tempera- 
ture from  the  extreme  violet  to  the  extreme  red  end  of  the 
spectrum.  What  U  still  more  remarkable,  if  the  thermometer 
be  moved  to  a  point  below  the  red  ray,  and  cntiiely  outside  of 
the  spectrum,  it  will  be  found  to  rise  even  higher  than  in  the 
red  ray  itself,  and  a  certain  heating  effect  is  found  to  be  exerted 
at  a  point  very  considerably  below  the  limit  of  the  spectrum. 
This  is  shown  in   Fig.  25,  where  the  different  rays  of  heat 

marked  ii.,  may  be  traced 
F»g-  26.  from  the  red   ray  of  the 

solar  spectrum,  u.,  as  far 
down  as  b.  The  point  of 
maximum  heat  depends 
upon  the  nature  of  the 
substance  of  which  the 
prism  is  composed:  when 
made  of  crown  glass  it  is 
in  the  i-ed  my ;  when  made 
of  flint  glass  it  is  just  b^low 
the  red;  when  of  hollow 
glass,  filled  with  water,  it 
is  in  the  yellow  ray ;  when 
made  of  rock-salt  it  is 
Fome  distance  below  the 
red  ray.  The  whole  range 
of  the  mys  of  heat  extends  from  v  to  6,  that  is,  through  all 
the  luminous  portion  of  tlie  spectrum,  and  al>o  through  a  .-^pace 
which  is  non-luminous.  These  result-!  of  Sir  W.  Tlei-schel  were 
confirmed  by  the  experiments  of  Sir  II.  Euglefield,  who  proved 
that  the  thermometer  rose  in  the  different  rays  in  the  following 
order : 

Do  the  rayg  of  heat  dllTor  In  tempernturp?  What  in  the  point  of  maxintuni  intenvi' 
ty  for  hent  f  In  it  ever  found  below  the  ruU?  Are  tbeae  invUible  ra>i  of  heat  uskoc^ 
mUid  with  Molar  lisht ' 


Vnegittd  refrangibiUty  of  the  Chemical^  Ulumina- 
tittg  and  Heating  Rays  in  the  Solar  Beam. 
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In  the  blue  rays,  in  JJ  niin.,  from  35  ^  to  50^,  or  I*'. 
In  the  grccii  *'  i:i  3  "  "*  54  ^  to  08  ',  oi*  4  \ 
In  the  yellow  "  in  3  **  "  50^  to  62^,  or  0  \ 
In  the  full  red  "  in  2i  "  "  50^  to  72  \  or  \cr. 
In  edge  of  red  *»  in  2i  "  "  58^  to  73^  \  or  15^. 
Below  the  red  "      in  2^  "        "      61^  to  79  \    or  18 \ 

Sir  "W.  Herschel  ascertained  that  the  invisible  rays  exerted 
a  considerable  heating  power  at  a  point  1  ^  inches  distant  from 
the  extreme  red  ray,  even  though  the  thermometer  was  pla;-ed 
at  a  distance  of  52  inches  from  the  prism.  From  this  it  is  evi- 
dent that  a  solar  beam  contains  rays  of  non-luminous  as  well  as 
luminous  heat,  the  former  being  much  less  refrangible  than  the 
latter;  or  rather  the  solar  beam  contains  rays  of  heat  mixed 
with  the  rays  of  light,  some  of  which  are  of  the  same,  and 
others  of  less  refrangibility  than  the  rays  of  light.  The  solar 
beam  also  contains  a  third  class  of  rays  more  refrangible  than 
those  of  heat  and  light,  possessed  neither  of  heat  nor  color,  but 
exeriing  a  peculiar  chemical  power.  Of  these  we  do  not  now 
Bpeak  particularly.  They  may  be  seen  in  Fig.  25,  extending 
from  V  to  c,  and  included  in  t!ie  bracket  marked  c. 

$3.  Tlu3  Dififerenco  is  so  carded  that  we  may  separate  one 
k  jid  of  B  aat  from  others  with  which  it  is  mingled,  and  employ 
it  ozclnsivoly  at  onr  pleasnro.  By  employing  a  lens  of  Rock 
Salt,  and  placing  it  in  the  bundle  of  invisible  i*ays  of  heat,  ex- 
tending from  R  to  bt  these  rays  may  all  be  gatheixid  up  and 
eoncentnited  at  one  focus  with  the  production  of  intense  hea% 
but  without  a  particle  of  light,  and  thus  completely  separated 
fiom  tho  e  kinds  of  heat  of  greater  refrangibility  which  fall 
between  v  and  R ,  and  are  mingled  wi:h  the  rays  of  light  in 
the  luminous  part  of  the  spectrum.  Again,  there  are  some  sub- 
stances which  possess  the  remarkable  power  of  absorbing  all 
the  rays  of  light  contained  in  the  solar  beam,  but  transmitting 
all  the  rays  of  heat.  Glass  co'oi*ed  black  by  carbon,  and  bi-sul- 
phidc  of  carbon  containing  iodine  i.i  solution,  are  particularly 
distiii<ruished  for  this  power.  O.i  transmitting  the  solar  beam 
through  the  latter  substance  the  niy.^  of  light  are  all  ab  orbed, 
an-1  those  of  h^^at  alone  allowj^d  to  pass.  These  invisible-  rnys 
of  heat  thus  transmitted  may  al  o  be  concentrated  at  an  invi-^ible 
focus  by  a  lens  of  Rock  Salt,  and  combustible  substances  actu- 
ally inflamed.  In  like  manner,  if  the  electric  light  produced  by 
the  passage  of  a  pfli\yerfid  galvanic  cirrent  between  pieces  of 
charcoal  be  employed,  instead  of  the  light  of  the  sun,  and  con- 

93  Ilnw  can  tho  rayii  of  heat  in  the  sun's  beam  be  separated  (Vom  those  of  light? 
What  edKts  can  be  produced  by  concentrating  the  invitfible  rayti  of  heat  by  means  of  a 
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centrated  at  a  focus  by  a  concave  mirro",  the  intense  light  wh'ch 
is  omlttel  will  be  ent. rely  ab  orbed  hy  ihc  sibove-menlionf  d 
soution  of  iodine  in  bl-sulph  do  of  carl  on,  placed  b<,'lwcen  the 
focus  of  the  mirror  and  the  cliarcoal  points,  and  the  rays  of  heat 
alone  allowed  to  pass.  These  invisible  rays  of  heat  will  srill 
be  concentrated  at  the  same  focus,  as  before  the  solution  was  in- 
terposed, but  with  no  visible  mark  to  indicate  the  Fpot;  the 
focus,  in  short,  will  be  entirely  invisible.  The  heat,  however, 
is  intense,  and  on  placing  in  this  dark  focus  pieces  of  wood  and 
paper,  they  are  immediately  inflamed, — lead,  tin  and  zinc  are 
melted;  if  the  invisible  focus  be  thrown  upon  a  piece  of  char- 
coal, su^pend^d  in  a  receiver  of  oxygen  gas,  the  charcoal  will 
be  ignited  and  burn  with  splendid  scintillations;  if  the  charcoal 
be  suspended  in  vacuo,  it  will  be  heated  red  hot.  If  blackened 
zinc  foil  be  placed  in  the  fo^us  it  will  immediately  be  set  on 
fire,  and  burn  with  a  purple  flame ;  the  metal  magnesium  will 
bum  in  like  manner  with  a  splendid  light. 

94.  Bifferent  kinds  of  Beat  are  emitted  by  difibrent  lonrces 
of  Beaty  just  ai  different  kinds  of  Xii^ht  are  emitted  by  difibrent 
colored  Flames.  In  the  case  of  rays  of  light,  if  instead  of  em- 
ploying the  fun  a=i  a  source  of  light  to  form  the  prismatic  spec- 
trum we  make  use  of  the  red  light  which  is  produced  by  Nitrate 
of  Strontia  dis>oIved  in  alcohol,  it  will  be  found  that  the  kind 
of  light  emitted  is  very  different  from  that  of  the  sun,  that  the 
greater  part  of  the  rays  are  those  of  small  refrangibility,  and 
that  they  are  collected  at  the  lower  part  of  the  spectrum,  caus- 
ing the  point  of  maximum  intensity  for  light  to  fall  whhin  the 
red  ray.  Just  fo  with  rays  of  heat:  by  changing  the  source  of 
heat  we  obtain  different  k  ndi  of  heat,  varying  in  refrangibility 
and  alteri.ig  the  po  ition  of  the  point  of  maximum  intens  ty  for 
heat  in  the  heat  spectrum,  in  proportion  as  the  niys  of  one  c^e- 
grec  of  refrangibility  preponderate  over  those  of  another.  This 
takes  place  accordinjij  to  a  certain  fixed  rule.  The  less  intense 
the  source,  the  lower  the  refrangibility  of  the  heat' radiated,  and 
the  nearer  to  the  red  end  of  the  spectrum  is  the  point  of  maxi- 
mum temperature.  The  more  intense  the  source  of  heat,  the 
more  abundant  the  emission  of  the  kinds  of  heat  possessed  of 
h'gh  refran;ijbility.  Thus  the  sun,  the  most  in^en  e  of  all  the 
sources  of  heat,  emits  the  more  refrangible  kinds  of  heat,  c?on- 
taining  rays  which,  when  passed  through  a  prism,  undergo  pow- 

Describc  t*ie  experlmentn  with  the  inylKiblo  ra;-R  obtained  from  the  c!ectric  light  —94. 
Sho^T  that  different  kiodd  of  heat  are  emitted  hy  different  sources.  Uow  does  ta«  point 
of  maxim  nm  intensity  for  bc*t  Tary  wiUi  th«  source  2 
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erful  refraction,  and  are  distributed  over  the  whole  spectrum, 
extend  ng  as  high  even  as  the  extieine  violet.  The  nak:  d  HcUne 
of  a  lamp,  a  less  intense  soui-ce,  emits  rays  of  less  retVangibility, 
hai-dly  extending  above  iht-  blue  portion  of  the  spectrum.  Ig- 
nited platinum,  a  still  less  intense  source,  emits  those  kinds  of 
heat  which  have  a  still  'ower  refrangibility,  extending  not  much 
above  the  red.  Copper,  at  750°,  emits  those  of  even  a  still 
lower  degi-ce  of  refrangibility,  while  from  hot  water,  at  212°, 
only  those  kinds  of  heat  are  emitted  which  ai-e  possessed  of  the 
lowest  po^ib'e  refrangibility.  In  the  case  of  the  electric  light, 
which,  afler  the  sun,  is  one  of  the  most  intense  souix'es  of  heat, 
the  pro])ortiou  of  the  more  refrangible  to  the  less  refrangible 
kinds  of  heat  is  shown  in  Fig,  26.     Tlie  rays  extend  fiom  a 

to  E,  and  perpendiculars  erected 
^*fr  26.      .  at  various  points  represent  the 

calorific  intensity,  or  the  amount 
of  heat  of  that  particular  re- 
frangibility existing  at  thoe 
points.  Then  the  ends  of  all 
them  peipendiculars  being  uni- 
ted, we  have  a  curve  whivh 
shows  at  a  glance  the  manner 
in  which  the  heat  is  distributed 
thix>ugh  the  electric  spectrum. 
The  luminous  portion  of  the 
spectrum  is  unshaded,  the  non- 
luminous,  or  dark  portion,  is 
drawn  in  black.  It  will  be  ob- 
served that  while  this  fource 
emits  kinds  of  heat  of  refrangi- 
bility equal  to  the  b'ue,  these 
are  small  in  quantity ;  that  the 
less  refrangible  kinds  are  larger 
in  amount  as  we  advan-e  fiom 
E  to  D,  where  the  luminous 
portion  of  the  spectrum  termi- 
nates :  that  these  still  further  in- 
crease in  quantity  as  advance  is 
made  below  the  red  into  the  in- 
visible portion  of  the  spectrum, 
and  finally  attain  their  greatest 


Otrve  showing  the  ffistrihufion  o/ihe  heat 
in  Uu  spectrum  of  tht  EUririe  Light. 
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intensity  at  n ,  a  po-nt  considerably  below  the  red  end  of  the 
sj>eetruin.  It*  the  iieat  spectrum  of  the  suu  were  dmwu  on  the 
same  plan,  the  point  h  would  be  Ibund  opix)sile  a  point  a  litlle 
above  D»  and  would  fall  within  the  light  or  illuminated  portion 
of  the  spectrum,  instead  of  wholly  in  the  dark  or  in\  isible  por- 
tion. 

From  all  this,  it  seems  clear  that  as  there  are  different  kinds 
of  radiant  Light,  distinguished  by  a  difference  in  refrangibility, 
and  also  by  a  difference  in  color,  so  there  are  different  kind.-^  of 
radiant  Heat,  distingui- hid  from  each  other  also,  by  a  difference 
in  refrangibility,  but  not  dis^ingui^shed  from  each  other  by  color; 
and  that  different  iources  emit  these  different  kinds  of  heat  in 
various  proportions. 

95.  Oonseqnently  the  nneqoal  Diathermancy  of  the  fame 
medium  for  Beat  proceeding'  from  didferent  sources  seems  to  be 
owing  to  the  different  kinds  of  Beat  emitted  by  the  diferent 
soorces.  This  being  so,  it  is  easy  to  see  that  the  reason  the 
rays  of  heat  proceeding  from  the  sun  can  traverse  gla^s  and 
expei-ience  but  litlle  obstruction,  when  the  fame  plate  of  gla>s 
can  hardly  be  tmvei'sed  at  all  by  heat  proceeding  from  a  com- 
mou  fire,  a  lamp,  or  any  o'her  source  of  teiTe-trial  heat  is,  that 
the  rays  which  glass  transmits  are  tl:o  e  of  the  more  refrangible 
kinds  of  heat  alone,  and  it  is  these  which  arc  the  mast  abundant 
in  the  solar  beam;  while  the  rays  of  heat  proceeding  fi*om  the 
fire  are  those  of  the  less  refrangible  kinds,  and  these  glass  is  al- 
most entirely  incapable  of  transmitting  at  all ;  in  the  same  man- 
ner precisely  that  a  piece  of  blue  gla<»8  will  transmit  perfectly  all 
the  rays  of  light  proceeding  from  a  Roman  candle,  while  it  will 
not  allow  any  of  the  rays  of  light  pi^oceeding  from  a  fiame  of 
a  green  or  red  color  to  pass  through  it  at  all. 

96.  The  nneqnal  Diathermancy  of  different  substances  for 
Beat  proceeding-  from  the  same  source  seems  to  be  owing  to  a 
property  in  bodies  in  relation  to  Beat,  analogous  to  the  prop- 
erty of  color  in  relation  to  Light,  and  called  Thermochrosis. 
The  o'her  peculiarity  brought  out  by  the  experiments  of  Mel- 
loni,  viz.,  that  heat  radiated  from  the  same  source,  and  therefose 
of  the  same  kind,  is  transmitted  completely  by  one  substance, 
and  imperfectly  by  anoher,  feems  to  be  owing  to  a  property  in 
bodies  for  h^at  exactly  analogous  to  the  pro|>erty  of  color  in 
relation  to  light.  Thus,  92  out  of  every  100  of  the  niys  of 
heat  proceeding  from  an  oil  lamp  are  transmitted  by  a  piece  of 

P5.  IIoTT  does  this  explain  the  tmnnnl«iiion  of  hent  from  one  fiourre^  and  non-tnD«> 
mi*' Ion  of  lit«t  from  anothpr  fonrce.  by  the  same  ntediiim? — M.  Prove  that  there  to  in 
IxKlien  a  pieperty  for  heat  analogoud  to  the  property  of  color  for  Ught 


Digitized  by  VjOOQ IC 


THKUMOCUROSIS.  73 

Bodt  Salt,  while  only  9  mit  of  100  ai-e  tnuismitted  by  a  piece 
of  alum  of  equal  transparency  and  thickness.  The  reason  is, 
that  Rock  Salt  is  neai*ly  peifectly  transparent  to  heat,  while 
alum  acts  like  a  piece  of  colored  glass  upon  sunlight;  it  will 
stop  a  considerable  proportion  of  the  rays  and  allow  only  a  pait 
of  tbem  to  i>as8  through.'  Thus,  if  clear  ghiss  be  held  up  to 
the  sun  it  will  allow  all  the  seven  kinds  of  light  of  which  white 
light  is  composed  to  pass  through  it,  while  a  piece  of  blue  glass 
will  absorb  a  certain  )X)rtion  of  the  mys  and  only  allow  tho-e 
of  a  blue  color  to  pass  through  it.  This* unequal  absorption  of 
light  of  different  kinds  is  the  cause  of  the  different  colors  of 
bodies,  and  this  ab3oq>tion  is  effected  by  some  peculiar  projxjrty 
which  we  call  color ;  a  body  of  a  re<l  color  is  one  which  absorbs 
all  the  rays  of  light  except  those  which  ai'e  red ;  of  a  blue,  all 
the  rays  except  the  blue,  &c.  In  like  manner  with  the  rays  of 
heat  proceeding  from  a  lamp.  Hock  Salt  will  allow  them  all  to 
pass  without  absorption,  and  they  all  go  through  unchanged, 
while  alum,  having  the  peculiar  pix>peity  of  absorbing  all  the 
rays  of  heat  except  those  of  a  particular  kind,  only  allows  the 
latter  to  pass  through.  This  pecidiar  absorptive  property  for 
heat,  corresponding  with  color  for  light,  has  been  called  thermO' 
chrosisj  or  tint  for  heat. 

This  18  confirmed  by  another  point  of  agreement  between 
light  and  heat.  In  the  ca-^e  above  mentioned,  of  a  piece  of 
Wiie  glass  which  has  absorbed  all  the  I'ays  of  light  except  the 
blue,  and  allowed  these  alone  to  pass,  it  is  found  that  if  these 
blue  rays  be  allowed  to  fall  uix)n  a  second  piece  of  blue  glass 
they  undergo  no  further  absorption,  but  they  all  pass  through  it 
undianged ;  the  reason  is,  because  all  the  rays  of  light  which 
the  second  piece  of  blue  glass  could  absorb  have  ali*eady  been 
absorbed  by  the  firet  piece,  consequently  it  transmits  all  the 
light  which  has  reached  it  from  the  first  piece.  In  the  same 
manner,  if  the  rays  of  heat  which  have  succeeded  in  passing 
through  one  piece  of  alum  be  allowed  to  fall  \i\)on  a  second 
piece,  they  will  undergo  no  absoiption,  but  all  pass  through  un- 
changed, because  all  the  rays  of  heat  which  the  second  ])iece  of 
alum  could  absorb  have  already  been  absorbed  by  the  first 
piece ;  consequently  all  the  heat  which  reaches  the  second,  afler 
having  passed  through  the  first  piece,  is  transmitted. 

Oil  the  other  hand  if,  instmid  of  making  use  of  a  second  piece 

Whiit  Is  mennt  by  the  mlorific  tint  of  bodies?    What  light  does  this  throw  upon  the 
Iranambakm  of  solar  heat  by  glass,  and  the  non-transmission  of  artificial  heat? 
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of  blue  glass,  we  make  use  of  a  piece  of  red  glass,  in  the  above 
mentioned  experiment  upon  light,  the  rays  of  li^t  which  have 
passed  through  the  blue  glass  will  not  pass  through  tlie  piece  of 
red  glass,  because  the  rajs  which  red  can  absorb  have  not  been 
all  taken  out  of  it  by  the  blue ;  these  will  therefore  be  absorbed 
by  the  red,  and  the  result  will  be  that  no  rays  of  light  whatever 
will  be  able  to  pass  through.  In  like  manner  with  the  rays  of 
heat  which  have  ])a38ed  through  the  first  piece  of  alum,  if  they 
be  allowed  to  fall  u}ion  a  piece  of  ice,  instead  of  a  second  piece 
of  alum,  as  before,  instead  of  passing  through  unchanged,  they 
will  all  be  absorbed,  because  the  calorific  tint  of  ice  is  not  such 
as  to  allow  them  to  pass. 

It  is  evident,  therefore,  that  bodies  possess  a  calorific  tint  for 
heat  precisely  analogous  to  their  colorific  tint  for  light.  The 
only  substance  which  seems  to  have  no  calorific  tint,  but  to  be 
]>erfectly  transparent  to  heat  of  all  kinds,  as  clear  glass  is  for 
light,  is  Eock  Salt.  In  all  experiments  upon  radiant  heat  this 
is  the  substance  that  should  b(;  used  for  the  prisms  and  lenses 
which  are  required.  Its  diathermancy  is  so  pei'fect  that  the 
rays  of  heat  proceeding  from  the  human  hand  will  pass  thit>ugh 
it  with  scarcely  any  absorption,  and  produce  a  perceptible  effect 
uiKjn  the  thermo-multiplier. 

97.  The  reirangibility  of  rays  ofBeat  may  be  altered  Vy  re- 
radiatton— Oalorescenee.  When  heat  has  once  been  ab^sorbed, 
whatever  may  have  been  its  original  source,  it  acts  in  all  ca«es 
in  the  same  manner  in  pi-oducing  expansion ;  and  when  radiated 
again  it  does  not  necessarily  retain  the  peculiarities  of  the  source 
from  which  it  originally  proceeded,  but  its  refrangibility  depends 
entirely  upon  the  temperature  of  the  surface  which  emits  it  the 
second  time.  Hence  it  is  immaterial,  so  far  as  the  comm(Hi 
effects  of  heat  are  concerned,  whetlier  it  were  originally  derived 
irom  the  sun,  from  actual  fiame,  from  ignited  platinum,  or  from 
a  non-luminous  body.  It  \vill  in  all  cases  be  much  affected  by 
the  nature  of  the  substance  frem  which  it  is  re-radiated.  If 
the  temperature  of  the  second  radiating  substance  be  lower 
than  tliat  of  the  original  Fource.  the  refrangibility  of  the  rays 
of  heat  Avill  be  lessened,  and  on  transmission  through  a  prism, 
will  be  found  nearer  the  point  h ,  in  Fig,  25.  On  the  other 
hand,  if  the  temperature  of  the  second  radiating  substance  rise 

97.  Do  the  difTerent  kinds  of  hmt,  if  of  equal  intensity,  differ  in  their  effect  npoa  the 
dimensions  of  bodies?  If  heat  be  absorbed  and  radiated  asidn  does  It  still  pon^ess  tha 
peculiarities  of  itt*  original  source?  Is  any  oSect  producvd  upon  the  rvfiuogibiUty  ti 
luAt  by  re-radidtion  ?    £xplaiu  caloresceiice. 
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higher  than  that  of  the  original  source,  the  ref 'angib-lity  of  the 
rays  will  be  increased,  and  on  transmission  throu;Th  a  prism, 
wi'.l  be  found  nearer  the  point  R  ,  in  Fig,  25.  Indeed,  their  re- 
frangibility  may  be  so  much  increased  tliat  non-luminous  rays 
are  sometimes,  by  re-radiation,  rendered  luminous.  Thus  the 
combustion  of  oxygen  and  hydrogen  ga^ses  produces  a  flame 
which  contains  only  rays  of  heit  of  low  refrangibility,  and  con- 
sequently emitting  very  little  light;  but  on  introducing  a  cylin- 
der of  lime  into  the  flame,  the  refrangibility  of  the  rays  is  so 
greatly  increased  that  they  emit  light  too  intense  for  the  eye  to 
bear,  and  on  transmission  through  a  pri^m  the  point  of  maxi- 
mum inten^ty  for  heat  is  found  to  be  nearly  as  high  as  y  in  the 
colorvid  part  of  the  spectrum,  Fig,  25.  In  like  manner  the  rays 
of  8'tlar  heat  are  possessed  of  high  refrangibility,  but  when  re- 
radiated  from  the  earth  their  refrangibility  is  very  much  less- 
ened, and  they  can  no  longer  pa*s  readily  through  the  air  and 
watery  vapor  which  they  previously  traversed  with  the^ greatest 
ease.  This  alteration  in  the  i*efrangibility  of  heat  is  sometimes 
called  ccdorescence,  and  is  analogous  to  a  similar  alteration  in 
the  re&angibility  of  light,  treated  of  hereafiCr,  called  fluores- 
cence. 

98:  The  donblo  refraction  and  polarization  of  Beat.  It  18 
well  known  that  when  a  ray  of  light  falls  obliquely  upon  the 
surface  of  a  crystal  of  Iceland  spar  it  is  divided  into  two  dis- 
tinct rays  which  proceed  in  two  different  directions  through  the 
crystal.  One  is  in  the  same  plane  with  the  original  ray,  and  is 
called  the  ordinary  ray,  represenied  at  o  ,  in  Fig.  27 ;  the  other 

is  not  in  the  same  plane  with  the 

original  ray,  and  is  called  the  ex- 

I rao.dinary  ray,  represented  at  e. 

In  like  manner,  if  a  ray  of  non- 

1  luminous  heat  from  the  lower  or 

red  end  of  the  solar  Bpecti*um  be 

thrown  obliquely  ufwn  the  surface 

I  of  such  a  crystal,  it  will  be  found 

to  be  divided  aUo  into  two  rays, 

which     will     be     refracted     ac- 

I  cording  to  the  same  law,  mid  ox- 

a.-tly  in  the  same  manner,  a-^  the 

rays  of  light.     The  two  rays  of 


Fig.  27. 


DoubU  Refraction  of  ILat. 


9S    Kxpliln  the  donble  rpfrncHon  of  Huht  and  heft*. 
ihm  of  tae  iloubly  rpfnu'ttsl  m;,!!  ot  H^'ht  kiid  hunt  ? 


What  is  meant  bj  the  poIarix»- 
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light  produced  by  transmis-:ion  thTx>ugh  a  doubly  refracting  crys- 
tal are  found  to  have  received  a  peculiar  modification  called 
polarization,  the  effect  of  which  is  briefly  this: — A  mirror  placed 
in  an  inclined  position  at  a  certain  angle  above  or  below  either 
of  the  two  refracted  rays,  is  capable  of  reflecting  either  ray  in 
the  ordinary  manner ;  but  if  placed  at  the  same  angle  of  indi- 
nation  on  either  side  of  this  same  ray,  it  becomes  utterly  inca- 
pable of  reflecting  it.  The  other  ray  is  similarly  affected,  but 
the  position  of  the  reflecting  side  is  reversed.  In  like  mann(  r, 
the  two  rays  into  which  a  single  beam  of  heat  is  divided  by  a 
doubly  refraciing  crystal,  are  lound  to  po-sess  the  same  proper- 
ties of  polarization.  From  these  facts  it  appears  that  while 
there  are  many  points  of  close  analoory  between  Heat  and  Light, 
and  each  is  capable  of  conversion  into  the  other,  yet  as  one  may 
exist  without  the  other,  and  when  associated  together  one  may 
be  separated  from  the  other  without  any  diminution  of  the  in- 
tensity of  either,  they  are  consequently  in  all  probability  entirely 
distinct  agents,  or,  according  to  the  undulatory  theory,  are  the 
result  of  two  different  rates  of  vibration. 

99.  The  different  processes  throngh  which  Beat  may  pass 
In  see^dng*  an  fiqnilibrinm.  In  seeking  an  equilibrium  heat  may 
go  through  the  pi-ocesses  of  conduction,  convection,  radiat'on,  ab- 
sorption, reflection,  transmission,  refraction,  double  refraction, 
and  polarization.  When,  however,  by  any  of  these  processes 
it  is  made  to  accumulate  in  any  sub:$tance,  it  always  produces 
certain  effects,  and  it  is  to  these  effects  thus  produced  by  heat 

that  we  next  turn  our  attention. 

>» 

Experlmenta  on  Difftislon  of  Heat. 
1«  OonduotlOtt.    To  {ihow  that  ^enmHon  in  no  tert  of  temperattiTe,  arninge  thi^e 
bowls  containing  water  st  32o,  96o.  luOo,  reopeetively     Dip  the  two  bandff  into  the  fint 
and  third  bowUt,  and  then  at  the  same  instant  into  the  centre  bowl,  containing  water  at 
960.    To  one  hand  It  will  feci  cold,  to  the  0tlM»>  warm.    See  Fig.  2 . 

2.  To  show  that  heat  is  transferred  firom  a  hot  body  to  one  that  is  colder,  introdace  a 
nnall  tin  cup  of  mercury  at  OQo,  into  water  at  212o  A  thermom:Ster  placed  in  tlie  cup 
will  soon  rise  to  212o,  and  the  mercury  will  become  uncomfortably  warm  to  the  hand. 

3.  The  same  Cict  is  shown  by  holding  a  rod  of  iron  in  the  flame  of  a  spirit  lamp. 

4.  That  different  substances  conduct  h<»t  wiih  didSerent  degree*  of  fiidlity  may  be 
shown  by  holding  with  one  hand  a  rod  of  metal,  and  with  the  other  a  rod  of  glam,  in 
the  flame  of  the  same  spirit  lamp,  or  a  rod  of  brass  and  a  bit  of  charcoal.  The  rharroal 
may  be  inflamed  and  held  in  the  fingers,  not  more  tUan  |  of  an  inch  fltan  the  flame, 
without  any  uneasine^is. 

5.  That  diflcrent  metals  conduct  heat  with  unequal  rapidity  may  be  shown  by  cone« 
or  rods  of  different  metals  tipped  with  Phosphorus,  placed  upon  a  metallic  tray  at  equal 
dlstanoes  fhnn  the  flame  of  a  lamp  below 

6.  The  difference  in  the  conducting  power  of  bodies  may  be  shown  by  surrounding 
three  canteters  of  tin,  of  the  same  sise,  with  cotton,  charcoal  powder,  and  iron  turning!*, 
contained  in  cylinders  of  pasteboard,  filling  the  canisters  wita  hot  water  from  the  same 

09  State  the  ^Ufferent  processes  through  which  heat  may  pass  in  seeldng  an  equiUb* 
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wmri,  and  piadng  a  thennonieter  !n  meh ;  at  the  eivt  of  half  an  hoor  th«j  vin  haT» 
octoled  Tery  unequally. 

7.  Tdat  heat  pragresKs  from  particle  to  particle  mav  be  shown  by  a  rod  of  iron,  one 
end  of  wliich  is  heated  iu  the  tLone  of  a  lauip,  hariag  tut^  of  paoi^paoru^  pijcud  iu  order 
npOD  it.    They  infl  une  8ucuvsi4vfly.    See  F^.  8. 

8.  t^nip  A  piece  of  linen  cloth,  or  of  wriciug  paper,  tightly  aronnd  a  smooth  brass  or 
iron  knob,  and  bold  It  in  the  tiame  of  a  spirit  lamp.  Tne  paper  will  Intlauie  wita  dilll- 
calty  in  eoitfequence  of  the  rapid  cooductioa  of  tne  heat  by  tae  metal.  Wrap  tae  same 
rabetancM  around  a  piece  of  wood,  and  note  bow  much  more  rapid  tne  intUuumatiou  ia 
in  eooaequenoe  of  the  poor  conducting  power  of  the  wood.  On  tois  principle  may  Im 
explained  the  melting  of  a  bullet  of  lead  smoothly  wrapped  in  a  bit  of  paper,  and  Iteld 
orer  » lamp,  without  burning  the  paper. 

9.  The  imperfiMSt  conducting  power  of  glass  may  be  shown  by  cracking  it  with  hoi 
Iron;  tiw  Iteat  of  ttie  iron  can  not  penetrate  into  the  gLass;  the  outside,  thecefoie,  only 
expaiids,  tlie  inrfde  retaining  its  original  dlmensionB,  and  tb»  two  are  torn  apart. 

10.  Prince  Rupert's  Drops.    Break  the  long  end. 

1 1.  The  imperfect  conducting  power  of  water  compared  with  metal,  may  be  shown  by 
pouring  water,  of  a  temperature  just  supportable  to  the  finger  into  a  tin  cup,  grasped  bj 
jtlw  hand ;  it  tmmodiataly  beootnes  intolerably  lM>t,  owing  to  the  excellent  conducting 
power  of  the  metal. 

11.  Tlie  poor  conducting  power  of  Haulds  may  be  shown  by  placing  a  differenthd  ther- 
mometer at  t  le  bottom  of  a  jat  filled  with  water  so  as  Just  to  cover  very  sligntly  the  up- 
pencoAt  bulb ;  pour  a  little  ether  on  the  water  and  inflame  it.  The  heat  is  intense,  but 
no  effiwt  whatorer  is  produced  upon  th^  thermometer,  though  a  very  slight  timt  applied 
to  the  bulb,  like  that  of  the  hand,  will  cause  the  thermometrio  fluid  to  move  througn 
Mveral  inches.    See  Ffg  6.  ^^ 

13.  The  poor  conducting  power  of  liquids  may  be  shown  by  fireesing  a  little  water  at 
the  botfom  of  a  test  tube,  filling  the  tube  nearly  full  of  water,  and  holding  the  upper 
portion  in  an  incHned  position  over  a  spirit  lamp ;  the  water  may  be  made  to  boil  with* 
out  melting  the  ice :  see  Fig.  7.  The  ice  nuy  be  formed  by  introducing  the  tube  into  a 
needng  mixture  compoiied  of  eriual  parts  of  snow  and  salt. 

14.  The  aune  Cict  may  be  shown  by  pouring  into  a  simitar  tube  a  small  quantity  of 
deoootion  of  blue  cabbage,  then  flUing  it  with  water  and  holding  It  in  an  inclined  posi- 
tion in  the  flame  of  a  spirit  lamp,  it  can  be  made  to  boU  on  tae  surCice  without  disturb- 
ing the  Uue  decoction  betow  at  alL 

1 5.  Oo  nvao  tlo  a.  To  show  that  liquids  must  be  heated  ftom  below,  bring  the  lower 
part  of  the  tube  used  in  the  preceding  experiment  over  the  spirit  lamp ;  the  blue  liquid 
will  hnmediotely  begin  to  diffuse  itself  and  rise  to  the  surfiice,  in  consequence  of  its  paxw 
ticles  becoming  spociflcally  lighter  by  expansion. 

16.  To  prepare  tl»  decoction  of  blue  cabbage,  used  for  many  purposes  hi  chemical 
aperfmentB,  pour  bolUng  water  on  purple  cabbage  cut  into  fine  piece*,  and  let  it  steep 
for  an  hour.    Strain  carefully  and  bottle,  with  a  little  strong  alcohol. 

17.  To  show  that  liq  lids  are  heated  by  convoctkm,  fill  a  flask  with  strong  solution  of 
earfoonate  of  Pptash ;  turow  in  some  bits  of  amber,  and  dUute  with  water  until  the  spe- 
dflc  gravity  of  the  solution  hecomes  equal  to  that  of  the  amber.  Apply  the  heat  ofi 
•pirit  bMnp  betow,  when  the  bite  of  amber  will  be  seen  to  rise  in  the  centii  of  the  vessel, 
and  descend  at  the  sides,  toltowing  the  motion  of  the  water  in  whteh  they  are  suspended. 

18.  II«»t  the  <*olution  of  carbonate  of  potash,  not  over  a  lamp,  but  by  dipping  it  In 
hot  water;  the  parOcles  of  amber  will  rise  at  the  sides  and  d«£end  at  theVenSe;  aa 
S?^  'fJS^J?  **  S*  ■*?•  temperature  with  the  surrounding  water  the  motion  reasea. 
Ta^  the  fl«k  from  the  water  and  the  current  is  reversed,  descending  upon  the  sides  and 
risiag  in  the  centre.  "    "^ 

.^*.' Ji5!^!r*  ~°?''«*  ^  "towly  may  be  shown  by  fllHng  a  hollow  cubical  vessel  of 
met  il  with  bolflng  water,  and  noting  the  cooHng  at  the  end  of  an  hour.  Fill  another  ves- 
sel of  the  s  .me  si4o,  made  of  metal  only  half  as  thick  as  the  first,  but  placed  within 
another  metallic  vessel  an  inch  larger  than  itielf,  arranged  so  that  the  air  between  the 
?**  can  not  escape,  making  a  cube  within  a  cube,  and  note  the  cooling  during  the  same 
time;  It  will  be  much  lew  in  the  last  than  In  the  first,  though  the  thieknesa  of  the  two 
vessels  In  the  last  case  la  just  equal  to  that  of  the  one  vessel  in  the  first. 

30-  The  currents  produced  In  air  by  heat  may  be  shown  by  lAacing  a  smaU  wax  hiper 
imder  a  tall  bell  gl.i>s ;  and  also  two  small  vessels  containing  ammonia  and  chlorohydrio 
^'^K'*^  ^^  respectivoly.  A  cloud  is  produced  which  olrrulates  with  the  heated  air. 
,  ?**  B adiaUoTi.    That  heat  leap^,  as  It  were,  from  hot  bodies  through  an  appreciable 

5?'^  ""^  ^  shown  bv  holding  a  thermometer  near  a  ball  of  metal  moderately  heated, 

aa.  That  the  effect  diminishes  with  the  square  of  the  distance,  may  be  shown  by  ae- 
tual  meaaurement,  one  thermometer  being  pUced  at  the  distance  of  one  foot  fWxn  the 
hot  bpdy.  another  #t  two  feet,  and  noting  the  effect. 

83.  That  the  eacape  of  heat  from  a  body  by  radlatiou  laries  with  the  Batoxv  of  th« 
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rar^M,  m^  t>ft  rtMmm  %7  AUac  thfM  nviitleM  or  thl»  bfiMf  OM  b«Tf^ 
fcce,  the  second  coated  with  lampblack,  »ud  the  third  with  whiting,  with  hot  water  frnm 
ine  same  Teasel,  and  testing  the  toanpetaturD  at  the  end  of  an  hour.    The  first  wiU  be  the 
bottt^t.  the  0ec4iud  the  coolest,  and  the  third  Intermediate. 

...^i*  ^^.•'«»«  fif '  w»y  ^  "'lo^^n  ^y  plating  a  thermometer  at  an  equal  distance  from 
the  four  f4des  6f  a  brass  cube  lUled  wjth  Wling  wuter,  of  which  one  ride  \»  bricbtly  bum- 
WmhI,  the  second  b"  the  natural  8urfiu:«  of  the  bnws,  the  third  i^  covwed  with  a  co«tin« 
cj  whiting,  and  the  fourth  with  «  coating  of  lampblack ;  the  polished  side  wUI  aflv«t  th« 
thermometer  the  least,  the  toinpblack  tne  most,  &c. ;  the  hand  maced  near  the  foar  Odm 
roccessivel/wiU  also  detect  the  diOiMrviice  in  the  radiating  power.  "-""^rBiut. 

2o.  Ao«orpUon.    To  ikow  that  ahwrption  Is  alfec&i  by  the  nature  of  the  surftce. 


S6.  The  flame  flict  may  be  shown  by  placing  three  thermometera.  one  haTtng  Its  bulb 
roughened  with  lampblaek,  (he  second  covered  with  whiting,  the  third  with  rtn  foil,  at 
equal  distances  from  the  same  hot  baU.  The  blackened  thermometer  will  rii»  the  hlih- 
est  in  aglven  t^ie,  then  the  one  oovered  with  whiting;  the  one  coverod  with  tin  foil  the 
least. 

87.  To  show  the  effect  of  color  upon  the  nbsorption  of  solar  beat,  place  pieces  of  riieet 
copper,  two  inches  square,  colorod  respectively  black,  brown,  blue,  giwn,  red,  yellow, 
and  white,  upon  cakes  of  cerate  composed  of  equal  parts  of  beeswax  and  olive  oil  meUcd 
together,  cut  a  Utile  lees  than  two  inches  souare ;  expose  them  to  the  sun's  rays  and  note 
the  depth  to  whiofa  the  cerate  Is  melted  under  each  piece,  • 

28.  The  same  fret  may  be  shown  by  exposing  different  thermometers,  having  their 
bulbs  differently  coloreo,  to  the  sun's  rays,  or  by  uidng  thermometers  filled  with  dlffcr- 
eoUy  colored  alcohols.    In  equal  times  the  efliect  in  both  cases  wlU  be  difieivnt. 

29.  To  show  that  there  is  a  difference  In  the  effect  of  color  upon  solar  and  terrefitrial 
heat,  blacken  one  bulb  of  a  dIflEprpntial  thermometer,  cover  the  other  with  whiting,  and 
place  it  In  the  sun  ;  the  blackened  bulb  will  be  affected  the  most ;  place  the  same  instru- 
ment near  a  heated  ball,  and  no  such  result  will  take  place. 

30.  Befl«ctloik.  The  roflectioD  of  heat  may  be  shown  by  placing  a  hot  ball  and  a 
thermometer  on  opposite  sides  of  an  opaque  screen ;  the  latter  Tv-mafns  unaffected.  Then 
bold  a  plate  of  tin.  or  a  common  looking  glass,  in  such  a  po(>ition  that  a  line  drawn  frcm 
the  ball  to  It  will  make  with  a  perpendicular  at  the  point  of  contact,  an  angle  equal  to 
that  formed  w^h  the  same  perpoidicular  by  a  line  drawn  from  the  thermometer  to  the 
tin  at  the  flnt  point  of  contact ;  an  Immediate  effect  will  be  produced  upon  the  ther- 
mometer, and  the  an^e  of  incidence  will  be  equal  to  that  of  reflection.  Heat  is  there- 
fore reflected  like  light.    A  vessel  of  hot  water  may  be  uped  Instead  ot  Uie  ball. 

31.  That  rays  of  heat  may  be  concentrated  bv  parabolic  reflectors,  to  a  focus,  may  be 
fbown  by  placing  a  cube  of  hot  water  in  front  of  a  parabolic  reflector,  and  a  themionie- 
ter  in  Its  focus,  and  interpodng  a  small  screen  between  the  bulb  of  th?  thermometer  and 
ilie  cube.  The  mercury  will  immediately  b^ln  to  rise  in  consequence  of  the  reflection 
4^  heat  fnm  the  mirror. 

32.  If;  instead  of  one  parabolic  reflector,  two  be  used,  a  thermometer  placed  in  the 
Ibcus  of  one.  and  a  cube  of  hot  water  In  the  focus  of  the  other,  a  small  screen  being  in- 
terposed so  as  to  cut  off  all  direct  communication,  the  rays  of  heat  striking  the  first  mir- 
ror will  be  reflected  in  right  lines  to  the  second,  and  then  be  reflected  to  the  thermome- 
ter in  its  focus,  precisely  fn  the  same  manner  as  light  would  be. 

33.  If  the  sides  of  the  cube  be  variously  coated  the  effect  upon  the  thermometer  will 
▼arv  with  the  suifftoe  which  is  exposed  to  the  mirror,  showing  the  effect  of  Burikce  on 
rtutiation. 

34.  If  the  themMraieter  be  made  with  a  cubical  bulb  of  metal,  and  Its  four  sides  be 
diflierently  coated,  the  mercury  or  colored  fluid  In  the  stem  will  rl-e  to  different  heights, 
arcnrding  to  the  side  which  is  presented  to  the  min-or,  showing  the  effect  of  Bur&ce  o& 
absorption. 

35.  If  a  spermaceti  candle  be  placed  In  the  focus  of  the  mirror  the  effect  will  be  less 
than  when  an  alcohol  lamp  Is  used,  thus  showing  that  the  amount  of  heat  emitted  by  a 
flame  is  not  In  proportion  to  the  light. 

36.  If  a  ball  of  Imn,  heated  so  as  cot  to  be  quite  red  hot,  be  placed  in  the  focus  of  one 
mirror,  and  a  caudle  tipped  with  phot^phorus  and  chlorate  of  pota.<ih  In  the  focu^  of  the 
other,  the  candle  will  be  Inflamed.  A  common  match  may  be  lighted  in  the  same  man- 
ner, and  water  may  be  boiled. 


37.  To  show  that  all  bodies,  even  those  not  called  hot  bodies,  are  continually  radiating 

sat  to  those  colder  than  themselves,  place  a  thermometer  in  one  focus,  and  a  lump  of 

Ice  in  the  other.    The  thermometer  will  radiate  more  heat  to  the  ice  than  Is  radiated  to 


beat  to  those  colder  than  themselves,  place 
Ice  in  the  other.  The  thermometer  will  rat 
it  by  the  ice,  and  its  temperature  wiD  immediately  sink. 
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38.  To  flbow  tb*  «(fect  of  bright  sur&ces  in  thioirlDs  off  and  reflecting  rays  of  heat, 
eo^  the  bulb  of  a  thermometer  with  tin  fbil,  and  it  wiU  liardly  be  affect^  at  all  by  the 
hmt  fewa  a  hot  ball  when  hekl  near  it. 

33.  To  Bhow  the  effect  of  tran»pareDt  screens  in  obstructing  the  passage  of  non-lumi- 
neuA  beat,  while  they  offer  no  inipeJiment  to  tliat  of  solar  heat,  interpose  a  scrt«n  of 
gl«as  between  the  mirror»,  having  a  hot  ball  in  one  focus,  and  a  thermometer  in  the 
otiier,  and  the  heating  effect  will  be  at  once  cut  off.  Interpose  the  same  screen  between 
tti«  sun  and  a  thOTmometer  placed  in  the  fi)cuB  of  one  of  the  mirrors,  and  no  such  oh- 
etroction  will  take  place 

40.  The  same  Cict  may  be  exemplified  by  holding  a  burning  glass  befbie  a  fire,  and  in 
the  ravs  of  ttie  sttn;  the  glass  Is  poworfuUy  h^tod  in  the  first  case,  but  not  at  all  in  the 
aecood. 

41.  Dlatliermanoy.  To  sliow  that  diathermancy  is  not  proportioned  to  transpa' 
rency,  employ  the  apparatus  represented  in  Ftg.  22.  The  screens  of  glass  and  rock  salt 
seed  not  be  more  than  three  or  four  inches  square,  and  may  bo  mt  into  blocks  of  wood. 
The  experiment  may  be  taried  by  using  an  air  thermometer  instead  of  the  bits  of  phos. 
phorus,  and  observing  also  the  effect  upon  the  hands.  Instead  of  a  hot  ball,  a  fla^k  of 
boidttg  water  may  be  used.  Pieces  of  glass  of  various  colors  may  be  employed  also,  iu- 
Maad  of  the  transparent  glass. 

42.  For  these  ei(periments  a  delicate  air  thermometer  Is  useftiK  which  may  easily  be 
eoitftmeted  firom  a  coomion  flat  bottomed  glass  flask,  by  pouring  in  alcohol  cok)nnl  rud 
by  cochineal,  or  blue  by  litmus,  to  the  depth  of  an  inch,  and  then  inserting  a  tightly  fit- 
ting  cork  through  which  paMes  a  long  glass  tube,  a  yard  in  length  and  of  fine  bore,  fit- 
ting tightly  and  extending  to  the  bottom  of  the  flask  beneath  the  svrface  of  the  liquid. 
On  blowing  through  the  tube-air  will  be  forced  into  the  flask,  and  the  fluid  wilt  riW  to 
the  stem  A  scale  of  wood  divided  into  equal  parts  may  be  attached  lo  the  stt;m  by  wire. 
The  air  in  this  case  is  the  thermometric  fluid,  and  such  a  thermometer  wjll  indicate  wry 
slight  differences  of  temperature  very  plainly  to  the  eye  The  flask  may  be  coate<l  with 
1  unpblack  or  whiting  rubbed  in  a  mortar  with  spirits  of  tnrpentiuei  and  when  no  longer 
wanted,  these  coats  may  be  washed  off  by  spirits  of  turpentine, 


i  II.^BffKt8  of  Beatr-fii;pan8io;ii 

100.  Bzpansion  prodneed  by  Beat.'  When  Heat  is  accumn'-  - 
lated  in  bodies  it  produces  very  powerful  effects.  In  general, 
It  causes  expansion,  and  alters  the  dimensions  of  bodies.  Ilcat 
is  antagonistic  to  Cohesion,  or  that  attraetion  which  tends  to 
unite  the  particles  of  the  same  kind,  of  which  matter  is  com- 
posed ;  and  u|)on  the  balance  between  these  two  forces  depend  • 
the  dimensions  of  bodies,  and  their  state  as  solids,  liquids,  and 
gases.  At  ordinary  temperatures,  heat  aild  cohesion  mutually 
balance  each  other,  in  all  eolids;  but  if  temperature  be  increased, 
beat,  or  the  force  which  tends  to  push  the  particles  of  the  body 
apart,  becomes  stronger  than  cohesion,  or  the  force  which  tends 
to  bind  them  together;  and  the  dimensions  of  the  body  ai-o 
therefore  necessarily  enlarged.  If  the  heat  be  increased,  th  j 
relative  strength  of  cohesion  is  still  further  diminished,  tho 
particles  acquire  mobility,  and  a  liquid  is  produced.    If  it  be 

100.  Wh%t  is  the  first  effect  produced  by  heat  ?    To  what  force  is  heat  opposed  ?    How 
does  the  balance  between  these  forces  determine  the  state  of  matter?    What  is  the 
I  of  liquidity? 
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Still  ferther  increased  the  liquid  becomes  a  gas.  The  first  effect 
of  heat,  therefore,  is  to  expand  all  bodies  into  which  it  enters, 
and  to  make  them  larger.  The  ratio  of  this  expansion,  how- 
ever, differs  greatly  in  different  substances.  Thas  with  the 
same  increment  of  heat,  liquids  expand  moi-e  than  soh'ds,  and 
aeriform  bodies  more  than  liquids.  Tbei-e  is  also  a  considerable 
difference  in  the  expansibility  of  different  solids  and  different 
liquids ;  but  the  aeriform  fluids,  as  air  and  the  gases,  all  expand 
equally  with  the  same  increase  of  temperature. 

101.  Expansion  of  Solids.  The  expansion  of  a  solid  is  read- 
ily proved  by  fitting  a  piece  of  metal,  when  cold,  to  an  orifice 
or  notch,  and  then  putting  it  into  the  fire ;  as  temperatura  i*ises 
it  will  steadily  increase  in  size,  and  soon  become  too  large  to 
enter  its  former  measure. 


Fig.  28, 


Fig.  29. 


Expansion  of  Solids, 


Ring  of  St.  Oravenrndt* 


The  piece  of  brass  attached  to  the  handle  in  FC^.  28,  is  ex- 
actly fitted  to  the  notch  in  the  plate,  so  as  readily  to  enter  it 
when  cold,  but  when  heated,  its  dimensions  are  so  enlarged  as 
to  render  this  impossible.  The  same  fact  may  also  be  shown 
by  the  riu'j  of  St.  Gravesande,  in  Ftg.  29,  where  the  ball,  a,  after 
being  heated,  becomes  too  lai-ge  to  pass  readily  through  the 
ring,  my  which  formerly  admitted  of  its  easy  entmnce. 

102.  The  Expansion  of  Solids  nnoqnal.  Different  solids 
expand  unequally  for  equal  increments  of  Heat  The  ratio 
of  expansion  may  readily  be  sho\\Ti  by  an  instrument  called 

Of  the  Aeriform  Htate?  Ilow  doen  the  expansion  of  liquids  and  gn^es  compare  with 
that  of  BoUda?— 101.  How  can  the  expan^iou  of  fsolids  be  proTedf  Describe  the  ring 
of  8t.  OniTeMnde. — 102.  la  the  expansioa  of  different  solids  equal,  or  unequal?  lIow 
can  it  be  proTeU  7 
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tbe  Pyrometer,  one  form  of  which  is  represented  in  Fig.  SO. 
A  metallic  rod,  A,  is  placed  upon  the  supfjorts,  and  one  end 
&stencd  firmly  by  the  screw,  d,  while  the  other  end  is  left  un- 
fasten'd,  and  .arranged  so  as  to  touch  the  short  arm  of  the  lever, 
K.  The  rod  is  then  heated  by  the  spint  lamp,  and  its  gmdual 
expansion  is  shown  by  the  motion  of  the  long  arm  of  the  lever 

Fig.  80. 


The  PyromtUr. 

along  the  gradnated  circle,  a  very  small  expansion  at  the  short 
arm  of  the  lever  causing  the  long  a:in  to  traverse  an  arc  of 
ccm«Aidcrable  size,  and  very  evident  to  the  eye.  In  comparing 
ditferent  substances  by  means  of  this  instrument,  it  is  neces- 
sai*y  that  all  the  i-ods  should  be  of  the  same  size  and  length, 
and  that  the  heat  of  the  lamp  should  be  applied  the  same  space 
of  time. 

From  experiments  made  with  the  pyrometer,  it  appears  that, 
in  most  instance^,  there  is  a  relation  between  the  expansion  of 
the  metals  and  their  fusibility,  and  in  general,  that  those  which 
ai-e  most  easily  fusible,  expand  most  with  eqnal  increments  of 
heat.  Thus  lead,  tin  and  zinc,  expand  much  more  from  the 
Bsime  increase  of  heat  than  copper,  silver  and  iron,  and  the 
ibrmer  are  much  more  readily  fusible  than  the  latter. 

103.  Expansion  ofMetalt.  Among  solids,  the  metals  ex- 
pand the  most ;  thus  lead,  in  being  heated  from  the  freezing  to 
the  boiling  point  of  "water,  i.  e.,  from  32**  F.  to  212°,  expands 
much  more  than  ghiss,  earthen  ware,  and  porcelain.  The  mot- 
als,  however,  differ  very  much  among  themselves  in  expan^i- 

Beicribe  the  pyrometer.— 103.  Gire  the  order  of  expansion  among  metah.  In  the 
name  vx)MuiAion  pnKlacud  by  equal  increments  of  heat  at  all  temperatures?  How  is  the 
toul  expansion  of  a  body  calculated?  Do  bodiea,  after  being  heated,  contract,  on  ooulr 
tog,  to  Uudr  «n1ginal  diiuenainui  7 

4* 
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bility  froiti  the  same  addition  of  licat,  as  will  be  seen  from  the 
foilowuig  table : 

Relative  Expansion  of  different  Soiids. 


1000  parts  at  820P, 

become  at  212^, 

or  are 

ongtbeiM>d. 

Eugl'wh  Flint  Glass,    . 

IOUO.811 

lin  1248 

parts. 

Fi-ciicli  Glass  Tube, 

H)00.80l 

(( 

1148 

Platinum,  .        •        .  ^     . 

1«MX».88+ 

tt 

1131 

Steel 

H)01.079 

n 

926 

Antimony, 

1001.088 

tt 

923 

Iron,       .... 

1001.182 

tt 

846 

Bismuth,    .... 

1001.392 

tt 

718 

Gold,      .        . 

1001.466 

ft 

682 

Copper,      .... 

1001.718 

<: 

582 

Brass,     .... 

1001.801 

tt 

636 

Silver,         .... 

1001. i»09 

tt 

624 

Tin 

HX)1.««7 

tt 

616 

Lead,         .... 

1002.818 

tt 

861 

Zinc,       .... 

1002.942 

tt 

840 

'  The  expansion  of  the  more  permanent  solids  is  very  uniform 
within  certain  limits.  Thus  their  ex|)ansion  from  82°  to  1 22** 
is  equal  to  that  between  122''  and  212°,  but  above  212°  the 
expansion  proceeds  more  rapidly  as  the  temperature  rises,  and 
becomes  greater  for  equal  increments  of  heat.  Ten  degrees  of 
heat,  therefore,  added  to  any  solid  above  212°,  produce  a  greater 
expansive  efiect  than  the  same  number  of  degrees  added  below 
212°.  The  total  increase  in  bulk  of  any  body  which  has  un- 
dergone expansion  from  heat  may  be  ascertained  by  trebling 
tiie  number  wliich  expresses  its  hicixmse  in  length.  Nearly  all 
solids,  afler  having  been  expanded  by  heat,  return  exactly  to 
their  original  dimensions  when  they  are  allowed  to  resume  their 
original  temperature.  Lead,  however,  constitutes  an  apparent 
exception ;  it  is  so  sofl  that  the  particles  slide  over  each  other 
in  the  act  of  expansion,  and  do  not  return  to  their  former  posi- 
tion. A  lead  pipe  u>ed  for  conveying  steam  permanently  length- 
ens several  inches  in  a  short  time,  and  the  leaden  lining  oi'^  sinks 
and  gutters  is  soon  thrown  into  ridges  from  the  effect  of  tlie  hot 
water. 

104.  Tha  Forca  of  Expansion.  The  expansion  of  metals 
by  heat,  and  their  subsequent  contraction,  are  otlen  employed 
with  great  advantage  in  the  Arts,  and  frequently  act  as  mo^t 
efficient  mechanical  powers.     The  amount  of  force  which  pro- 

1:^4.  Wbat  is  Om  Ibrce  of  txpansioQ  equal  to ?    Girt  Ulustzationt. 
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daces  these  expansions  and  contractions  is  enormous,  being 
equal  to  the  mechanical  power  required  to  stretch  or  compresi* 
the  solids  in  which  they  take  place  to  the  same  amount.  O  i 
heating  an  iron  sphere  of  12^  inches  diameter,  from  32*^  to  212^, 
its  expansion  exerts  a  force  of  60,000  lbs.  upon  every  square 
inch  of  its  surface,  or  30,000,000  lbs.  upon  the  whole  sphere. 
A  bar  of  iron  one  square  inch  iu  section  is  stretched  TTToiF<y  ^^ 
its  length  by  a  ton  weight ;  the  same  elongation  and  an  equal 
amount  of  force  is  exerted  by  increasing  its  temperature  16^ 
F.  In  a  range  of  temperature  from  winter  to  summer  of  80^ 
a  wrought  iron  bar  10  inches  long  will  vary  in  length  j^^^ 
of  an  inch,  and  will  exert  a  pressure,  if  its  two  ends  be  fastened, 
of  50  tons  upon  the  square  inch. 

105.  ninstratioiif.  The  immense  force  of  expansion  is 
clearly  proved  in  many  notable  instances.  Thus,  Southwark 
Bridge,  over  the  Thames,  is  constructed  of  iron,  and  surmounted 
by  stone,  and  the  arches  rise  and  fall  one  inch  within  the  utfuul 
range  of  atmospheric  temperature.  The  Hungerford  chain  sus- 
pension b^'idge  crosses  the  Thames  with  a  span  of  1352  feet  iu 
length ;  the  height  of  this  chain  road  way  varies  hi  the  hottest 
day  in  summer,  and  the  coldest  in  winter,  to  the  extent  of  eight 
inches.  The  Menai  suspension  bridge  weighs  20,000  iou^j  and 
this  is  raised  and  lowered  fourteen  inches  by  the  change  of  tem- 
perature between  winter  and  summer.  Tiie  Britannia  Tubular 
bridge,  over  the  Menai  Straits,  expands  and  contracts  in  length 
from  one  to  six  inches  daily.  The  Victoria  bridge  at  Montreal, 
is  exposed  to  great  vicissitudes  of  heat  and  cold,  and  it  is  found 
that  beams  of  iron,  200  feet  in  length,  are  subject  to  a  move- 
ment of  three  inches  in  the  climate  of  Canada.  The  Steeple 
of  Bow  Church,  in  London,  has  been  nearly  thrown  down  by 
the  expansion  of  rods  of  iron  built  into  the  mason  work.  Bun- 
ker Hi il  Monument  is  sensibly  deflected  from  the  perpendicular 
by  the  influence  of  the  sun's  rays,  so  that  its  summit  describes 
an  irregular  ellipse. 

106.  The  Force  of  Contractioii  Bqnal  to  that  of  Bzpansio-i. 
The  force  of  contraction  is  equal  to  that  of  expansion,  and  quite 
as  irresistible.  Its  immense  power  was  strikingly  illustrated 
some  years  since  in  Paris.  The  two  sides  of  a  large  build- 
ing, the  "  Conservatoire  des  Arts  et  Metiers^**  having  been 
pressed  out  by  the  spreading  of  the  arched  ceilings  and  the  im- 
mense weights  supported  by  the  floors,  M.  Molard  imdertook  to 

105.  Denerlbe  nnted  cami  of  expansioD  prodaced  by  hmt     Southwark  bridge    Meual 
bridg*.     Vktoria  bridji*,  &e.--108   To  what  U  the  forr©  of  eoutractioii  etiual? 
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remedy  the  evil  by  boring  holes  in  the  walls  at  the  base  of  the 
vaulted  ceilings,  and  opposite  to  each  other,  through  which 
strong  iron  rods  were  introduced,  so  as  to  cross  the  interior  of  the 
building  from  one  side  to  the  other.  On  the  projecting  ends  of 
the  bars  on  the  outside  of  the  building  were  placed  strong  iron 
plates,  which  were  screwed,  by  means  of  nuts,  tightly  against 
the  walls,  Fig,  31.     The  rods  were  then  heated  by  means  of 

Fig.  81. 


Rutoration  of  a  Building  by  th»  Force  of  CorUraetum, 

rows  of  lamps  placed  under  every  alternate  bar,  and  being 
lengthened  by  the  expansion,  the  nuts  and  plates  were  pushed 
out  to  the  distance  of  an  inch  or  more  beyond  the  walls.  While 
in  this  condition,  the  nuts  were  screwed  a  second  time  tightly 
against  the  wall.  The  lamps  were  then  extinguished,  and  the 
rods,  contracting  as  they  cooled,  drew  the  walls  together  with  a 

I>M«rib«  tht  TwftoratiM  tf  Ui«  baildlng  at  Paris. 
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force  almost  irresistible^  and  to  a  distance  as  great  as  that  to 
wbic'b  thej  had  been  lengthened  by  expansion.  These  bars 
being  then  left  in  their  new  position,  the  uUemate  bare,  which 
had  remained  unheated,  and  by  the  contraction  of  the  others 
had  b;ien  also  made  to  project  beyond  the  walls,  were  again 
tightly  screwed  against  the  building.  These  were  in  turn  ex- 
panded and  lengthened  by  the  application  of  the  lighted  lamps, 
and  once  more  screwed  up  tightly  against  tiie  walls.  The 
hmips  were  then  extinguished,  and  by  the  contraction  of  the 
sei-ond  set  of  bars  the  walls  were  drawn  still  further  towards 
each  other.  These  were  then  left,  in  tuin,  to  hold  the  building 
in  itc»  new  position,  and  the  iani  set  of  bars  a  second  time  brought 
into  retfuisition.  And  thus  the  piocess  was  continued  until  the 
walls  were  dmwn  into  their  proper  vertical  position ;  and,  the 
bars  being  left  iu  their  places,  they  have  remained  firm  and 
upright  ever  since.  In  this  manner  a  force  was  exerted  which 
thi  power  of  man  could  scarcely  have  applied  by  any  other 
means.  The  same  process  has  since  been  applied  to  the  resto- 
ratiou  of  other  buildings  which  were  threatening  to  fall. 

107.  Applicatioiis  in  tha  Arts.  Advantage  is  taken  of  this 
force  of  contraction  in  many  of  the  Arts.  The  iron  tire  of 
wheels  is  always  made  somewhat  smaller  tlian  the  wheel.  It 
is  then  enlarged  by  being  heated  red  hot  and  placed  upon  the 
wheel  while  still  in  that  condition ;  cold  water  is  then  thrown  on, 
contraction  ensues,  the  parts  of  the  wheel  are  bound  together 
with  great  firnmess,  and  the  tire  so  tightly  fastened  in  its  place 
that  nothing  can  pull  it  off.  The  tire  of  the  wheels  of  locomotives 
is  put  on  in  the  same  way.  The  iron  hoops  of  casks  ai'e  ap- 
plied when  hot.  The  great  vats  of  the  London  Breweries, 
some  of  which  are  large  enough  to  float  a  seventy-four  gun  ship, 
and  which  contain  liquid  enough  to  produce  a  freshet  if  they 
should  burst,  are  contined  by  enormous  iron  hoops,  weighing 
from  one  to  three  tons,  which  are  put  on  while  hot.  The  plates 
of  iron  or  copper  of  which  steam  boilers  are  made,  are  joined 

together  by  rivets  which 
F»g-  32.  are    inserted    and    ham- 

A  /^  mered  down  while  red  hot, 

■■"'■'■'■^^^'"'"^^^^P^™'™"    and   the   joints   are   thus 

Boiler  Plates  bound  together  by  Contraction.         Hiadc    perfectly  Steam  and 

water  tight.     This  is  il- 


107.  StAte  some  of  the  applications  of  this  fi>rc«  in  the  arts.    Explain  the  miuiner  In 
whUh  boUar  platea  are  made  ftaam-tight. 
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lustrated  in  Fig,  32.  Tlie  strong  iron  "bands  used  in  the  manu- 
facture of  the  PaiTOtt  and  Armstrong  guns  are  put  on  and  welded 
down  at  a  white  heat.  Moulds  for  casting  objects  in  metal  must 
be  made  larger  than  the  intended  size  of  the  object,  in  order  to 
allow  for  contraction  in  casting.  The  moulds  for  casting  can- 
non balls  miLst  always  be  made  larger  than  the  calibre  of  the 
guns,  on  account  of  the  contraction  and  shrinking  of  the  hall  in 
cooling ;  if  of  the  same  size  as  the  bore,  the  balls  will  be  too 
small  for  the  gun. 

108.  Iigiirioiui  BfRscts  of  Bspantioii.  The  expansion  oc- 
casioned by  heat  often  pixxluces  mjuiious  effects,  which  need  to 
be  guarded  against.  A  closely  fitting  iron  gate,  which  can 
readily  be  opened  on  a  cold  day,  is  held  tightly  in  its  place  on 
a  warm  day,  in  consequence  of  the  expan:?ion  bo;h  of  the  gate 
and  the  fence.  The  pitch  of  a  piano  ri?es  with  the  diminution 
of  the  temperature,  in  con-equence  of  the  contraction  of  the 
strings.  Clocks  go  faster  in  winter  than  in  summer.  Nails 
driven  into  mortar  get  loose  from  expanding  and  contracting 
more  than  the  mortar.  Not  unfrequently  carriage  wheels  ai'e 
set  fast  in  consequence  of  the  expansion  of  the  axles,  produced  by 
the  heat  of  friction ;  and  the  pistons  of  steam  engines  become 
bound  too  tightly  to  move,  when  exposed  to  excessive  heat. 
Metallic  roofs,  w^hatever  be  the  metal,  from  their  exix>sure  to  the 
sun,  expand  and  contract  enormously,  and  must  be  constnicted 
in  such  a  manner  as  to  admit  of  a  certain  amount  of  motion  be- 
tween the  various  jmrts.  The  shoes  of  horses,  if  nailed  on 
when  too  hot,  distort  the  foot  by  contracting  too  much  as  they 
cool.  The  iron  rails  of  railroads  will  be  thrown  from  position 
by  the  heat  of  the  sun  if  the  ends  are  permitted  to  touch. 
8,000  feet  of  rails  will  expand  nearly  3  feet  between  0®  and 
110^  Fahrenheit.  From  Liverpool  to  Manchester,  the  rails 
are  500  feet  longer  in  summer  than  in  winter. 

109.  Glasi  often  Fractured  by  Bxpaiudoii.  The  injurious 
effects  produced  by  expansion  are  particularly  apparent  in  tlte 
fmcture  of  glass,  especially  if  thick,  upon  the  sudden  applica- 
tion of  beat.  The  outside  surface  is  expanded  by  the  action  of 
the  heat,  and  it  not  being  permitted  to  penetrate  the  inter'or  in 
consequence  of  the  poor  conducting  power  of  the  material,  the 
external   and    internal    portions   are   violently   torn   a^uIider. 

^Vhy  mnRt  mouId<<  for  casting  metAlHc  objects  be  made  larger  than  the  deKfred  ulae? 
108.  Mention  Home  of  the  ii^urious  pRWts  of  expansion.  What  is  the  eflipct  upon  docka  ! 
Upon  railrotuls,  &o.  ?— lOS).  Dwcribe  the  effect  of  sudden  expauaioa  oo  glaaa. 
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When  glaiss  is  to  be  exposed  to  great  extremes  of  temperaiure, 
it  should  be  made  jbls  thin  as  possible,  and  in  all  cases  very 
gradually  heated.  '  When  hollow,  the  heat  should  bs  applied  upon 
the  inside  at  the  same  moment  as  upon  the  outside,  in  order  tiiat  the 
one  surface  may  be  expanded  to  the  same  degree  with  the  other. 
This  is  the  reason  why  a  thick  glass  tumbler,  if  immersed  in 
hot  water,  will  escape  cracking,  if  the  hot  water  reaches  tlie 
inside  at  the  same  moment  with  the  outside.  Thick  glass  mir- 
rors are  liable  to  be  fractured  by  bright  gas  lights  placed  too 
near  them,  and  plate  electrical  machines  by  careless  heatuig 
with  a  lamp  in  order  to  dry  them. 

110.  Fracture  produced  by  Sudden  Coolinflr.  On  the  same 
principle,  glass  that  has  been  expanded  by  the  action  of  a  pow- 
erful heat,  is  very  Uable  to  crack  by  the  application  of  sudden 
cold.  '^leiK^,  the  glass  roofs  of  green-houses,  and  skylights, 
expanded  by  the  sun,  and  suddenly  contracted  external iy  by 
coW  showers,  while  the  internal  portions  are  still  considerably 
expanded,  are  very  likely  to  be  cracked.  And  for  the  fame 
rea<)on,  imy  glass  vessel,  filled  with  hot  liquid,  is  very  sure  to 
break  if  placed  upon  an  iron  nail  in  the  floor,  or  upon  any 
metallic  support  Consequently,  neither  glas^,  nor  any  other 
brittle  material  of  poor  conducting  ^wer  for  heat,  can  bear  to 
be  either  heated  or  cooled  suddenly.  For  this  reason  glass 
ware,  when  first  made,  being  nearly  or  quite  red  hot,  if  permit- 
ted to  remain  in  co!d  air,  is  infallibly  shivered,  and  is  therefore 
alwa3rs  cooled  gradually,  or  annealed,  by  being  carried  at  oni  e 
to  a  long  hot  oven,  tlie  temperature  of  which  gradually  dimin- 
ishes from  the  front  to  the  rear,  through  which  it  is  slowly 
pushed,  until  quite  cold.  All  these  precautions  would  be  un- 
necessary if  glass  were  a  good  conductor  of  heat  Advantage 
is  taken  of  this  property  in  the  manufacture  of  glass.  The 
glass-blowers  cut  out  patterns  in  glass  by  drawing  a  cold  iron 
over  it  when  in  a  heated  state ;  and  the  Chemist  shapes  and 
alters  his  flasks  and  bottles  by  drawing  over  the  cold  gla^s  a 
rod  of  heated  iron.  Watch  crjrstals  are  obtained  from  globes 
of  gla^  very  large  and  very  thin,  by  ay>plying  to  the  suiface 
heated  metallic  rings.  On  the  same  principle,  rocks,  which  are 
generally  poor  conductors  of  heat,  may  l)e  split  by  buildin<^  a  fire 
along  the  line  of  intended  fra  •turc,and  then  pouring  on  cold  water. 
At  Seringapa^am,  in  India,  roi^ks  eight  fret  in  thickness  mid 
eighty  feet  in  length  have  been  detached  by  thii  simple  means. 

110.  Doecribtt  th«  eOect  producsd  on  glau  and  roclu  by  radOtn  ooatractioo. 
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111.  Metallic  Inftmments  ix^ured  by  Bzpansioii.     Ylk« 
metals  being  expanded  much  more 

^"'5-  ^'  for  a  given  increase  of  heat  than 

other  solids,  and  very  considerably 
altered  in  their  dimensions  by  slight 
variations  in  temperature,  delicate 
metallic  instruments  are  often  seri- 
ously deranged  by  this  means.  All 
measures  of  length  are  considerably 
lengthened  and  shortened  by  the 
heat  of  the  atmosphere. 

"The  rate  of  going  of  clocks  is 
much  affected  by  changes  of  tem« 
peratui-e.  If  the  pendulum  be 
lengthened,  the  clock  goes  slower; 
if  it  be  shortened,  the  clock  goes 
fiister.  If  the  bob  of  the  pendu- 
lum be  lowered  y  J^y  part  of  an  inch, 
the  clock  will  lo.-«e  ten  seconds  in 
twenty-four  hours.  Now  it  has 
been  found  that  an  increase  of  tem- 
•perature  to  the  amount  of  30** 
F.,  will  lengthen  a  seconds  pen- 
dulum 1^9  part  of  an  in<h,  and 
cau:^e  it  to  lose  eight  seconds  in 
twenty-four  hours.  Of  course  the 
clock  would  gain  eight  seconds 
daily,  if  the  temperature  i^hould 
sink  SO"*  F.  This  continual  vari- 
ation in  the  movement  of  the 
_  clock  destroys  its  value  as  an  ac- 

^^:—  ^         cui-ate  measurer  of  time.     Thediffi- 

Gridiron  Pendulum.  cuUy  lias  bocu  remedied  by  several 

contrivances. 

112.  Compeniatieii  Peadalmiit.  In  the  gridiron  pendulum 
of  Harrison,  represented  in  Fig.  33,  the  bob  is  {suspended  by 
a  rod  I,  from  the  lowest  of  the  three  upper  horizontal  cioss-bars. 
This  h)d  passes  fi-eely  throu;?h  holes  in  the  two  lower  cross-bars. 
The  cross-bar  of  suspension  is  supported  by  a  pair  of  veriical  i-ods 
of  brass,  a,  which  rest  upon  the  upper  of  the  lower  cross-bare. 


Ill    WhAt  effiert  In  pnidaced  upon  the  rate  of  tfane  pieces,  and  upon 
Wngth?— 112.  D«HicriU  t  m  gi-idiron  peuaulom  of  lUrrboo. 


Digitized  by  VjOOQ IC 


C0MP£MSAT10N   PENDULUMS.  89 

This  cross-bar  depends  by  means  of  iron  rods,  «,  from  the  sec- 
otkI  of  tlie  upper  cro^-bars,  which  in  turn  is  supported  by  ver- 
tical bra^  rods,  c,  and  the-e  again  by  iron  i-ods,  d^  from  the 
upper  cross-bar,  which  is  directly  attached  to  the  point  of  sus- 
pcasioii,  h.  When  the  temperature  increa-es,  the  iron  rods  d  and 
e  expanil  downwards,  while  at  the  same  time  the  brass  rods,  c 
and  a,  expand  upwards.  These  expansions  in  contrary  direc- 
^ticns,  aro  so  adjusted  as  to  counteract  each  other,  and  the  bob 
of  the  pendulum  is  thus  maiutauied  at  the  same  distance  from 
the  point  of  suspension.  The  process  is  reversed  when  the 
temperaturo  sinks.  This  pendulum  gained  the  reward  of  £20,- 
0<)0  offered  by  the  British  Government  for  a  pendulum  that  did 
not  lo^  more  than  a  fraction  of  a  second  in  a  year,  and  would 
enable  the  longitude  to  be  determined  within  thirty  miles. 

113.  Tiie  second  mode  of  obviating  the  same  difficulty  is  by 
using  a  Jiollow  cylinder  of  glass  for  the  bob  of  the  pendulum, 
and  filling  it  with  quicksilver.  As  the  ixxl  of  the  pendulum 
expands  dbwnwards,  the  quicki^ilver  expands  upwards,  so  that 
the  centre  of  gravity  of  the  bob  is  maintained  at  the  same  dis- 
tance from  the  poiut  of  suspension.  A  third  mode  consists  in 
using  compound  bars  of  metal  to  adjust  the  point  of  suspension. 
If  two  metals,  as  brass  and  iron,  one  of  which  expands  much 
more  than  the  other,  be  firmly  united  throughout  their  who!e 
length,  and  then  heated,  the  bi'a^s  expanding  more  than  the 
iion,  win  bend  the  bar  mto  a  curve.  If  it  be  cooled  instead  of 
heated,  the  brass  contracting  more  than  the  iron,  will  bend  the 
compound  bar  in  the  oppo.4te  direction.     This  is  represented  in 

Fig.  34 ;  the  lower  bar  rep- 
Fig.  84.  ^  resents  the  compound  bar 
(the  brass  being  uppermost) 
in  the  state  in  which  it  is  at 
the  mean  averajre  tempera- 
ture; the  Fecond  line  repre- 


Bar%  chth  bu  hrat,  scuts    the    samc   bar,   when 

heated  abo%'e  this  point;   the  upper  line  represents  it  when 
cooled  below  it 

The  application  to  the  pendulum  is  represented  in  Fig,  35. 
The  point  of  o^cillaton  is  formed  by  two  such  compound  bars, 
fastened  firmly  at  one  end,  and  at  the  other  extremity  left  free, 
and  nearly  touching  each  other,  on^y  leaving  room  for  the 
passage  of  the  delicate  spring,  by  which  the  pendulum  is  sus- 

Ud.  Deacxlbe  the  compound  bar.    The  oompeiuatioii  pendulom. 
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pemled.  At  the  moan  temperaturo,  the  compound  bar;^  are 
perfectly  straight,  as  represented  in  the  second  figure.  When 
the  temperature  ri^es,  the  pendulum  rod  is  lengthened,  and  the 
ball  lowered ;  but  at  the  same  time  the  compound  bar  is  bent 


Compensation  Pendulum* 

downwards,  and  the  point  of  suspension  lowered  to  the  same 
amount,  so  that  the  distance  between  the  centre  of  the  ball 
and  the  point  of  oscillation,  is  the  same  as  before,  and  the  rate 
of  going  is  not  altered.  This  is  represented  in  the  figure  to 
the  left.  When  the  temperature  falls,  the  rod  is  shortened,  the 
ball  rises,  but  the  compound  bars  being  then  bent  upwards,  as 
is  seen  in  the  figure  to  the  right,  in  consequence  of  the  greater 
contraction  of  the  brass,  the  distance  between  the  point  <rf  oscil- 
lation and  the  ball  is  still  the  same,  and  the  rate  of  movement 
remains  unaltered, 

114,  Compeniatioii  Balance.  The  compensation  balance 
wheels  of  watches  are  constnicted  on  the  same  principle.  In 
warm  weather  the  diameter  of  the  ordinary  balance  is  length- 
ened, and  its  circumference  increased;  in  cold  weather  it  is 
shortened,  and  its  circumference  diminished.  In  the  compen- 
Fation  balance,  Fig,  36,  the  rim  of  the  wheel  is  divided  into 
four  parts.  These  parts  are  made  of  compound  bars  of  dif- 
erent  metals,  the  most  expansible  being  outermost,  and  bav- 

114.  DeMribs  ttra  ccnnpenaaUon  balui^i. 
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Ing  one  end  fastened  to  an  arm  of  the 
wheel.  The  other  end  is  loo?e,  and  has 
a  small  screw  attached  neai*  its  free  ex- 
tremity. When  the  temperature  rises 
tliO  outer  metal  expanduig  more  than 
the  inner,  curves  the  end  of  each  quad- 
rant more  towards  the  centre  and  so 
counteracts  the  general  expansion  of  the 
wheel.  The  reverse  takes  place  when 
the  temperature  sinks,  and  in  this  man- 
ner an  equal  motion  is  secin^ed  at  all 
times.  This  U  an  application  of  immense  advantage  in  the 
construction  of  chronometers,  for  determining  the  longitude  at 
sea.  There  are  many  other  applications  of  the  same  principle, 
of  nearly  equal  value  to  Science  and  the  Arts, 

115.  The  Bzpaniioii  of  Liquids.  Liquids  expand  more  for 
a  given  increase  of  heat  than  Solids,  The  fact  of  expansion 
may  be  sliown  by  dipping  a  common  thermometer  into  warm 
water,  or  by  heating  a  larger  tube  and  hall,  partially  filled  with 
water,  over  a  lamp ;  /Vy.  37.    If  the  li(iuid  be  colored  alcohol. 

Fig.  87. 


Expansion  of  Liquidt, 

its  rise  in  the  tube  is  more  rapid  and  more  apparent  to  the  eye 
tlian  if  filled  with  water.  It  will  speedily  ri.«e  from  c  to  «, 
from  a  to  6.  This  expanskm  takes  phwe  with  so  much  fon'e 
that  all  closed  vessels  filled  with  liquids  burst  on  the  applica- 

rtion  of  heat. 

I  116.  Bzpansion  of  dilRnreiit  Liquids  nneqtiaL  The  unequal 
expansbn  of  different  liquids  for  an  equal  increa*^e  of  temper- 
ature, may  be  shown  by  filling  two  bulbs  of  the  same  size,  to 
the  same  height,  with  different  liquid'i,  and  dippinjr  them  into  the 
same  vessel  of  hot  water.  If  the  fluids  be  alcohol  and  water,  it 
will  be  found  that  the  alcohol  will  rise  in  the  tube  twice  as  high 

116.  now  doM  th«  exptuirion  of  Uqnidfl  mmpare  with  that  of  nolldA  ?    flow  ctin  the  ex- 
paniioo  of  Uqukli  be  prored  ?— 116-  Uow  can  the  unequal  expansioa  of  UquSds  be  ehowa  ? 
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Vnegital  Ezpa$uion  of  liquids. 


Fig.  38.  as  the  watef.    If  they  be  olive  oil 

and  water,  standing  at  the  same  level 
at  60°,  we  shall  find  that  when  the 
water  in  which  they  are  immersed 
boils,  and  they  have  been  raised  to 
212°,  the  one  has  expanded  much 
more- than  the  other ;  Fig,  38.  Alco- 
hol, on  being  heated  from  32°  to  212°, 
increases  in  bulk  ^ ;  olive  oil  ^q  ; 
water  ^7.  Twenty  ^ullons  of  alcohol 
measured  in  January,  will  become 
twenty-one  in  July. 

117.  The  Bzpansion  of  tho  Li- 
quids produced  by  the  Condensation 
of  Oases.  By  compression,  combined 
with"  great  reduction  of  temperature, 
several  of  the  aeriform,  or  gaseous 
forms  of  matter,  may  be  condensed 
into  liquids.  These  liquids  differ 
from  all  common  liquids  in  their 
enormous  expan^^ion  on  the  applica- 
tion of  heat.  In  general,  the  air, 
and  other  gases,  expand  more  from  equal  increments  of  heat 
than  any  other  substances ;  but  these  peculiar  liquids  exceed 
them  in  this  respect,  and  are  the  most  expansible  substances 
known.  Thus  liquid  carbonic  acid,  in  being  heated  from  32° 
to  86°  F.,  expands  from  20  volumes  to  29,  which  is  more  than 
^ve  times  as  much  as  air.  Liquid  sulphurous  acid,  and  cyano- 
gen, expand  to  nearly  the  same  degree. 

118.  The  Bzpansion  of  Oases.  Aeriform  fluids  are  greatly 
expanded  by  heat,  and  mudi  more  than  either  solids  or  liquids 
for  the  same  increase  of  temperature.  With  equal  increments 
of  heat,  they  all  expand  equally.  If,  therefore,  the  ratio  of 
expansion  for  one  gas,  as  oxygen,  be  known,  then  the  ratio  for 
common  air  and  for  all  the  other  gases  will  be  known  alsa 
The  rate  of  expansion  for  all  gases  has  been  found  to  be  about 
^ifjj  of  the  volume  which  the  gas  possessed  (it  32°,  for  eveiy 
degree  of  Fahrenheit's  thermometer.  This  calculation  is  based 
upon  the  experiments  of  Gay  Lussac,  who  found  that  1000 
cubic  inches  of  atmospheric  air,  raised  from  the  freezing  point, 

117  What  peculiarity  In  posMsmd  by  the  llquIdH  formed  by  the  fondenrod  pin««  *— 118. 
How  can  the  expaiulon  of  gai«8  be  shown  ?  What  U  the  late  of  ezpanaioa  of  all  gasei 
Ibr  one  degree  F.  ? 
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82**  F.,  to  the  boiling  point,  212**,  were  expanded  so  as  to  make 
1375  cubic  inches.  It  follows,  therefore,  that  one  cubic  inch  of 
atmospheric  air  at  32°,  will,  if  raised  to  212**,  or  heated  by  180°, 
be  expanded  to  1.375  cubic  inches,  and  for  every  additional  180° 
of  temperature  it  will  receive  a  like  increase  of  volume.  The 
ratio  of  expansion  being  ^  J-j  for  1®,  if  any  volume  of  air  at  32° 
be  raised  to  the  temperature  of  32°+ 490° =522°,  it  will  expand 
to  twice  its  volume ;  and  if  it  be  raised  to  a  temperature  of 
32°+ (2°  X  490°,)  =  101 2°,  it  will  be  expanded  to  three  times  its 
volume,  and  so  on.  Later  experiments  have  slightly  altered 
this  ratio,  and  show  that  the  different  gases  do  not  all  expand 
to  exactly  the  same  degree  for  equal  increments  of  heat ;  the 
inequality  may,  however,  be  disregarded  for  all  practical  pur- 
poses. In  general,  the  gases  and  vapors  all  dil&te  equally  and 
to  the  same  degree  as  atmospheric  air. 

119.  Expansion  of  Air.  The  fact  of  the  expansion  of  air 
may  n^adily  be  shown  by  filling  an  India  Rubber  bag  with  air, 
closing  it  tightly,  and  holding  it  near  the  fire.  As  the  air  ex- 
pands the  bag  will  become  more  and  more  tense,  and  finally 

burst  with  a  lou:l  report.  A 
more  elegant  experiment  is,  to 
take  a  g^ass  tube,  terminated  l:y 
a  bulb,  and  put  in  so  much  water 
as  to  about  half  fill  the  tube,  and 
then,  having  immersed  it  in  a  ves- 
sel of  water,  as  represented  in 
Fig.  39,  apply  the  heat  of  a  lamp 
to  the  bulb.  As  the  heat  mrefies 
the  air  in  the  bulb,  the  water  will 
be  forced  down  the  tube,  but  will 
Expansion  of  Air,  slowly  risc  again   to  its   fomier 

level  by  the  pressure  of  the  at- 
mosphere on  the  fluid,  when  the  lamp  is  removed,  and  the  air 
in  the  ball  allowed  to  contract. 

120.  Thoezpansionof  Air  of  groat  practical  ntility.-Tho 
Draught  of  Chimnoys.  The  great  increa<^e  in  the  bulk  of  air, 
produced  by  heat,  diminishes  its  density  and  renders  it  specifi- 
cally lighter,  i.  e.,  lighter  than  an  equal  bulk  of  air  at  a  lower  tem- 
perature. The  consequence  is  that  the  heated  air  being  thus 
made  less  dense  tends  to  rise,  just  as  a  cork  does  in  water,  or  a 

119  How  may  the  exiMnrion  of  air  be  shown?— 120.  Why  is  the  expansion  of  air  of 
great  practical  hnport)aiU»? 
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Fig.  40. 


1»alloon  in  the  air ;  this  creates  a  rush  of  air  from  every  side  to 
supply  its  place,  and  in  this  manner  powerful  currents  are  pro- 
duced, and  a  general  circulation  kept  up  in  the  atmosphere,* 
which  is  of  the  greatest  practical  utility,  and  one  of  the  most 
beneficent  arrangements  in  Nature.  It  is  by  the  inequality  in  the 
weight  of  the  column  of  air  c  D,  within  the  chinmey,  compared 
with  the  weight  of  a  column  of  cold  air  A  B,  on  the  outside,  of 
equal  base  and  height,  that  the  rush  of  cold  air  into  the  chimney 
frombelow,  in  order  to  restore  the  equiUbrium,  is  produced, 

which  creates  the  draught ;  Fig. 
40.  This  inequality  is  produced 
by  the  diminution  in  the  density 
of  heated  air  consequent  upon 
its  increase  in  bulk;  see  Fig. 
12.  It  is  upon  this  expansion 
produced  by  heat,  therefore,  that 
the  draught  of  chimneys  depends ; 
a  continued  stream  of  fresh  air 
is  supplied  to  the  fire,  and  the 
injurious  products  of  combustion 
are  removed,  and  without  it,  all 
processes  of  illumination  and 
combustion,  such  as  fires,  lamps, 
and  candles,  would  cease,  or  be 
maintained  only  by  a  cosily  and 
complicated  machinery.  Every 
six  tons  of  coal  consumed,  re- 
quires at  least  seventy-two  tons 
of  air  to  produce  perfect  com- 
bustion, i.  e.,  twelve  times  as  much  air  by  weight  is  required, 
as  coaL  Now  the  whole  of  this  quantity,  if  it  were  not  for  this 
extremely  curious  provision  of  Nature,  would  have  to  be  sup- 
plied artificially ;  and  it  can  readily  be  seen  what  a  check  this 
would  place  upon  many  of  the  arts  essential  to  the  comfort  of  man. 
Upon  the  same  diminutwn  in  density  depend  all  processes  of  ven- 
tilation, and  all  the  atmospheric  currents,  such  as  the  Trade 
wind-*,  by  which  the  commerce  of  the  earth  is  wafted  on  its  way, 
and  the  land  and  sea  breezes,  by  which  the  heat  of  tropical  cli- 
mates is  mitigated.  At  the  equator,  the  hot  air,  rising  in  a 
steady  6ti*eam,  fk>wd  off,  after  it  has  reached  a  certain  height  in 

Explain  the  currmtd  which  it  producm  in  the  atsnoppbere.  What  has  this  to  do  with 
▼entilatioD?  The  burning  of  Imnpii.  nnd  firm?  Show  how  the  draught  of  chhuiwiyfla 
produced.    What  saving  does  this  elfect  in  fUel  ? 


Tki  DroMgfU  of  Ckinmey$, 


Digitized  by  VjOOQ IC 


WATEE  EXPANDS    FBOM    COLD; 


95 


Fig.  41. 


the  atmosphere,  both  to  the  north  and  to  the  south,  and  this 
necessitates  a  steady,  current  near  the  surface  of  the  earth, 
from  the  north  «nd  the  south,  towards  the  equator.  In  our  own 
climate,  in  summer,  the  hot  air  over  the  earth  rising  in  the  d:iy 
time,  produces-  a  How  of  cold  air  from  the  sea,  and  at  night  the 
process  being  reversed,  and  the  warm 
air  over  the  sea  rising,  produces  a  cur- 
rent of  cold  air  from  the  land.  In  this 
way  the  extremes  of  climate  are 
moderated,  and  the  heat  of  the  globe 
more  equally  distributed,  the  purity 
of  the  atmosphere  is  preserved,  and 
many  processes  absolutely  essential 
to  the  welfare  and  civilization  of  man 
proceed  with  undcviating  regularity. 
121.  Bzception  to  tho  gononX 
law  of  Expansion  by  Boat.— Water 
at  certain  temporatnrot  contracts 
from  Beat,  and  expands  from  Oold. 
It  is  a  striking  fact,  and  a  most  con- 
clusive proof  of  design  in  the  consti- 
tution of  Nature,  that  water,  at  certain 
temperatures,  does  not  obey  the  usual 
law  of  expansion  from  heat,  and  con- 
traction from  cold.  Between  32°  and 
40°,  if  water  be  heated,  it  contracts ; 
if  it  be  cooled,  it  expands.  If,  there- 
fore, water,  at  the  temperature  of  60°, 
be  cooled,  it  will  contract  until  it  reach- 
es 40° ;  and  then,  if  it  be  cooled  to  a 
lower  degree  than  this,  it  will  begin  to 
expand.  At  40°,  therefore,  water  is 
said  to  possess  its  maximum  density, 
because  if  it  be  heated  above,  or  cooled 
below  this  point,  it  becomes  less 
dense.  To  show  this,  fill  a  flask  with 
water  at  a  temperature  of  60°,  and 
adapt  to  it  a  cork,  through  which 
passes  a  glass  tube  of  small  bore.  Fig,  41,  and  a  thermometer. 
Insert  the  cork  and  tube,  and  fill  the  tube  with  water  to  the  height 

What  if  Uie  contiectioii  between  the  expensfcm  of  the  air  and  land  and  aea  braeaee? 
What  effect  has  this  on  climate  and  the  purity  of  the  air  ?— 121.  Deeeribe  the  raoeption 
presented  by  water  to  the  general  law  of  expansion  by  heat.  At  what  temperature 
doM  water  begin  to  expand  by  cold?    IIow  can  thia  be  proved?    Deeoribe  Fig  41. 


SaipanstoH  of  Water  in  cool- 
ing from  iOo  to  82o. 
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of  two  or  three  inches  above  the  flask.  Then  immerse  the  flask 
in  a  freezing  mixture  of  salt  and  ice  at  0*^.  The  water  will  im- 
medi£(tely  begin  to  contract  and  sink  in  the  tube.  But  presently 
this  will  cease,  and  it  will  begin  to  rise  again,  showing  expansion. 
The  volume  of  the  water  has,  therefore,  first  been'diminished  bj 
the  reduction  of  temperature,  and  then,  secondly,  increased.  The 
thermometer  show^s  that  this  increase  begins  to  take  pLice  at  40°, 
and  by  the  time  its  temperature  has  sunk  to  32%  the  water  will 
have  risen  in  the  tube  a  considerable  distance  above  its  original 
position,  and  acquired  the  same  bulk  as  it  would  have  done  if 
heated  to  48^,  so  that  it  expands  just  as  much  in  cooling  8°  be- 
low 40°,  as  it  does  in  being  heated  8°  above  that  point.  It  has 
been  ascertained  by  experiment  that  the  expansion  of  water 
continues  even  below  32°,  for  if  kept  perfectly  quiet  and  undis- 
turbed, water  may  be  cooled  as  low  as  12°  without  freezing, 
an:l  it  was  expanded  as  much  in  some  of  the  experiments  by 
cooling,  as  it  would  liave  been,  if  heated  to  75°. 

122. .  Important  re  jolts  of  this  ezceptioii  to  a  g'onaral  Law 
of  Nature.  The  most  important  effects  result  from  tliis  remai'k- 
able  peculiarity  of  water.  If  water  became  steadily  heavier  as 
it  cooled,  and  its  density  continued  to  increase  until  it  froze,  as 
is  the  case  with  mercury,  ice  would  be  heavier  than  water,  and 
as  soon  as  formed,  would  subside  to  the  bottom  in  successive 
portions,  until  the  whole  of  the  water,  however  deep,  had  be- 
come solid.  It  is  quite  evident,  that  under  these  circumstances, 
in  the  autumn,  and  early  winter,  the  water  of  lakes  and  rivers 
gradually  imparting  its  heat  to  the  atmosphere,  would  soon 
reach  a  uniform  temperature  of  32°  throughout  the  whole  mass, 
be  converted  into  one  solid  body  of  ice,  and  occupy  a  very  long 
time  in  resuming  the  liquid  form  in  the  f'pring.  According  to 
the  present  arrangement  the  instant  that  any  portion  becomes 
colder  than  40°,  in  consequence  of  the  diminution  of  its  specific 
gravity  by  expansion,  it  rises  to  the  top  and  collects  upon  the 
surface;  and  as  water  parts  with  its  heat  very  slowly,  for 
reasons  hereafter  to  be  explained,  the  upper  portions  may  sink 
as  low  as  32°,  while  the  great  mass  below  is  at  the  tempera- 
ture of  40°.  Ckm-equently,  during  the  whole  of  a  long  winter, 
while  the  upper  portions  of  water  are  at  32°,  or  actually  frozen, 
the  lower  rarely  sink  below  40°,and  the  greater  part  escapes  solidi- 
fication altogether.  At  the  instant  of  freezing,  a  great  additional 
expansion  takes  place,  in  con.«equence  of  which  the  specific  gravity 

122.  Whftt  Important  oooMquenoes  result  ftom  this  peculiar  oonstitutloii  of  water? 

Digitized  by  VjOOQ IC 


PROVED    BY    EXPERIMENT. 


97 


•f  ice  becomes  considerably  \e^  than  that  of  the  cold  water  at 
32°,  from  which  it  is  fbnned,  and  it  floats  upon  the  sui*ftice ;  thus 
the  ice  is  kept  where  it  can  be  mo.^t  readily  reached  by  the 
sun's  rays,  and  the  process  of  meUing  in  tlie  spring  be  easily 
accomplislied.  In  general,  therefore,  liowever  cold  the  weather, 
and  however  thick  the  ice  which  is  formed,  the  great  body  of 
water  never  sinks  below  the  temperature  of  40°,  too  hi;ih  to 
freeze,  and  thus  the  greater  part  of  the  water  of  seas  and  riv- 
ers even  in  the  Arctic  zone  escapes  solidification. 

123.  This  peculiar  constitation  of  Water  proved  by  ex- 
periment. This  peculiar  constitution  of  water  can  be  readily 
shown  by  a  very  simple  experiment,  Fig.  42.     Let  the  tail  glass 


Woftn  Water  Collecting  at  Bottom  of  Lakes  in  Winter, 

vessel,  1,  be  pierced  bo  as  to  admit  of  the  insertion  of  two  ther- 
mometers, one  near  the  top,  the  other  near  the  bottom.  Just 
beneath  the  upper  thermometer  a  bniss  cup  is  fitted  around  the 
glass  vessel,  and  filled  with  broken  ice  at  the  temperature  of 
32°.  Water  at  G0°  is  then  poured  into  the  glass  jar,  and  both- 
th'jrmoTneters  of  coiu'se  stand  at  the  same  )X)int,  viz.,  C0°.  The 
effect  of  the  melting  ice  is,  to  cool  the  water  in  the  upper  part 
of  the  ve:«8el,  and  its  density  being  thereby  increased,  it  sinks 
to  the  bottom,  while  the  warm  water  collects  at  the  top.  At 
the  expiration  of  a  few  moments  the  apparatus  will  be  in  the  con- 
dhion  indicated  in  vessel  2 ;  the  lower  thermometer  will  have  sunk 
to  45°,  the  upper  one  will  be  at  50°  or  55°.  This  process  will 
go  on  until  the  lower  thermometer  has  sunk  to  40°  F.     The 


'123   How  can  the  collection  of  wnrm  water  at  the  bottom  of  lakes  bo  proved  ?    D(y 
•cribe  ttM  exp<>  iineot  witli  tae  three  jars. 
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upper  thermometer  will  then  b'gln  to  sink,  and  soon  stand  alsoi 
at  40°.  Instep  of  remaining  stationary,  however,  at  this  point, 
It  w^ill  descend  until  it  reaches  32°,  and  at  the  end  of'  half  an  hour 
the  apparatus  will  be  in  the  condition  indicated  in  vessel  3,  i.  e^ 
the  wanner  water  of  40°  will  be  at  the  bottom,  the  colder  water, 
of  32°  will  be  at  the  top.  This  represents  the  condition  of  a. 
lake  in  winter,  cooled  by  the  contact  of  the  cold  atmosphere  on 
its  upper  sui*fkce,  and  it  is  expkuned  on  the  principle  mentioned 
above. 

134.  Water  ezpand^  in-firesmiaff.  At  the  moment  of  con- 
gelation water  also  undergoes  a  still  farther  expansion;  and 
this  takes  place  with  iiTesistible  power,  so  that  the  vessels  in 
wliich  it  is  confined,  if  they  be  full,  are  infallibly  broken.  Tliis 
i  J  the  cause  of  the  bursting  of  water  pipes  at  the  approach  of 
winter.  This  expansion  is  supposed  to  be  due  tq  the  crystalli- 
zation of  the  water  as  it  freezes,  and  to  the  fact  that  the 
crystals  ■  which  are  formed  do  not  lie  side  by  side,  closely 
packed  together,  but  cross  each  other  at  angles  of  60°  and 
1 .0°,  thus  leaving  large  interstices.  The  water,  therefore,  neces- 
Farily  occupies  more  space  than  it  did  before.  The  expansion  of 
water  in  cooling  and  freezing  is  weU  shown  in  Fig.  43.  A  glass 
flask  is  filled  with  water,  and  a  cork  insert- 
ed, through  which  passes  a  tube,  open  at 
both  ends.  The  water  rises  into  this  tube 
some  distance,  and  this  po'nt  is  marked 
upon  the  scale.  A  thennometer  is  aho 
passed  through  the  cork  for  the  purpose  of 
indicating  the  temperature  of  the  water. 
The  whole  apparatus  is  then  immersed  in  a 
jar  containing  a  mixture  of  ice  and  salt, 
at  temperature  of  0°.  The  first  effect  is 
the  rising  of  the  water  in  the  tube,  pro- 
duced by  the  contraction  of  the  glass  flask 
in  consequence  of  the  cold  of  the  mixture. 
This,  however,  is  only  momentary.  Tlie 
next  effect  is  the  rapid  falling  of  the  water ' 
in  the  tul)e,  which  goes  on  until  the  ther- 
mometer sinks  to  40°.  It  then  begins  to 
rise  stead' ly,  and  continues  to  do  so  until 
congelation  takes  place,  when  there  is  a 
e^udden  and  very  great  expansion,  and  the  flask  is  generally 


Fig.  43. 


Ejrpansion  of  Watar  m 
Freezing. 


124.  What  effect  has  ftvezing  upon  the  bulk  of  water?    Describe  Fig.  4S     Sbov  tiM 
gndii  force  with  which  this  expoitokMi  taketf  place.  , 
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tooken.  the  force  with  which  this  expansion,  take?  place  ij. 
very  fp^eat,  and  caiinoii  filled  with  water  and  pluprged  at  the 
muzzk,  may  readily  be  bulvt  In  1784-5  Major  Williams,  at 
Qjebeo,  made  -soaie  experiments  wpon  this  subject,  in  one  of' 
which  an  iron  ptUo^  three  pounds  in  we'ght,  was  projected  f  t>m 
a  bomb-shell  to  the  distance  of  415  feet,  and  shells  one  and  a 
halfi  and  two  inches  in  thickness  were  burst,  by  the  f/eezlnjof. 
the  water.  The  Florentine  Academicians  burst  a  hollow  bmss 
gobs,  hnv'n^  a  cavity  o(  only  an  inch,  by  freezing  the  water 
With  which  it  was  filled ;  and  it  has  bc*en  estimated  that  the  ex* 
pan  ive  power  in  this  ca^  was  equal  to  27,720  pound*. 

125.  lUiiJtratiosis.— Bkiantaina  brokea  tpwn.  It  is  thi» 
expansion  of  water  in  congealing  that  makes  the  freezin;*  of 
vegetables  and  fruits,  in  the  early  winter,  detructive  to  their 
organization.  The  farmer  makes  use  of  this  force  to  bi-eak  up 
the  land,  by  heaping  it  in  ridges  in  the  autumn,  and  exposing,  there-^ 
fore,  a  large  surface  to  the  action  of  the  frost  The  water,  in* 
fi-eezing,  separates  the  particles  of  the  soil,  and  wlicn  melting 
takes  place  in  the  spring,  tlie  whole  settles  down  into  a  fine  and 
comparatively  dry  powder,  very  favorable  to  early  vegetatron- 
Kalure  mikes  use  of  this  force  upon  a  large  scale,  lo  break 
down  and  gi-ind  up  in'o  fragments  the  cliffs  and  mountains,  and 
thus  to  modify  very  mateiialiy  the  face  of  the  ertrth.  The 
water  running  into  cracks  and  fis  ures  in  the  rocks,  freezes  in 
the  winter,  and  by  its  ex;)aniion  breaks  off  lai^  ma-ses,  which 
for  the  tinie  are  lield  in  their  places  by  the  strong  cohesive 
power  of  the  ice ;  but  on  the  ai>proach  of  spi  ing  this  melts,  and 
the  mass  is  precipitated  into  the  valley  below.  In  the  same 
manner,  vast  masses  of  earth  are  loosened  from  the  smooth  sur- 
faces of  mounraiiis,  and  slide  down,  in  the  spring,  into  the  val- 
leys. Hardly  any  otlier  agency  in  natui-e  lias  so  mach  effect 
as  this  in  altering  the  face  of  the  earth.  This  force  also  o|«e- 
rates  powerfully  in  overthrowing  and  deranging  the  works  of 
man.  Railrouds  are  thrown  out  of  level  by  the  expansion  of 
the  frozen  ground  beneath  them ;  fences  are  raised  out  of  line ; 
buildiugs  are  elevated  in  the  air;  the  wal's  of  celhurs  arc  driven 
inwards.  The*e  effects  are  especially  exh:bit<*d  in  stiff  c*ay 
Foils,  on  account  of  the  adhesiveness  of  the  clay,  and  the  gn;at 
amount  of  water  which  it  conta'ns.  The  posts  of  fences  raised 
from  their  beds  by  the  expansion  of  the  fro^t,  do  not  return  to 
it  when  this  frost  melts  in  ttie  spring,  and  the  fence  is  pernui- 

^  125.  QiTe  iUustratknu  of  (he  opeAfioa  of  Ukir  lbcc«  tai  Nsfcare; 
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nently  deranged.  A  single  stone  projecting  into  the  c!ay  on  the' 
ou tilde  of  the  cellar  of  a  building,  if  within  reach  of  the  frost, 
will  give  to  the  heaving  earth  a  lever  by  which  the  heaviest 
building  may  be  raised  from  its  foundation.  For  the  same 
reason  banks  of  day  thrown  up  against  the  underpinning  of 
houses  are  very  apt  to  push  them  in  and  imdermine  the  biuld- 
iag. 

126.  Other  gubftaiicet  beside  water  expand  ai  they  selidi- 
iy.  Water  is  not  the  only  liquid  which  expands  as  it  i-6lidifies. 
The  same  effect  has  been  observed  in  a  few  others,  which  as- 
sume a  highly  crystalline  structure  on  becoming  solid.  Melted 
antimony,  bismuth,  iron  and  zinc,  are  examples  of  it.  Mercury 
is  a  remarkable  instance  of  the  reverse,  for  when  it  freezes  it 
suffers  a  very  great  contraction.  It  is  on  account  of  this  prop- 
erty that  fine  castings  can  be  made  from  iron.  The  metal,  as  it 
cools  and  solidifies,  expands  so  as  to  be  forced  into  the  most 
delicate  lines  of  the  mould.  Antimony  possesses  this  property 
in  a  high  degree,  and  for  this  reason  is  mixed  with  tin  and  lead 
to  form  type  metal  and  give  the  mixture  the  property  of  ex- 
panding into  the  moulds  in  which  the  types  are  cast  It  is 
because  gold  and  silver  do  not  pos  ess  this  property,  but  on  the 
contrary  siirink  greatly  as  they  cool  in  moulds, 
that  coins  can  not  be  made  by  casting,  but  re- 
quire to  be  stamped. 

127.  BzpaniioA  used  at  a  measure  of 
Temperature.— The  Thermometer.  One  of 
the  mo-^t  interesting  applications  of  the  law  of 
expansion  by  heat,  and  contraction  by  cold,  is 
the  thermometer.  This  is  an  instrument  in- 
tended to  indicate  and  to  measure  changes  in 
temperatui-e,  and  has  received  its  name  from 
two  Greek  words  signifying  the  measure  of 
heat — 6eQu6g  and  fiirgot^.  It  is  founded  on 
the  princ'ple  tliat  the  expan-ion  of  matter  is 
proportional  to  the  augmentation  of  temper- 
ature, and  is  designed  to  measure  the  varia- 
tions of  heat  and  cold.  The  first  attempt  to 
measure  such  variations  on  this  principle  was 
made  by  Sanctorius,  an  Italian  physician,  in 
the  seventeenth  century.     As  originally  con- 


Fig.  44. 


ThermomHer  of 
Satutoriut^ 


196.  What  other  snbiitancei  besides  water  expand  as  they  solidify  ?  What  prartiral 
applications  are  made  of  this  in  the  casting  of  n  etals?— 127.  What  is  the  thermnn  <*ter  ? 
What  ifi  th«  principle  on  whkh  it  depends  ?  Who  inrented  the  instrument  ?  D«;scribe 
the  flnt  form  of  it. 
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structcd  it  was  a  rude  instrament,  and  it  has  reached  its  pref  ent 
state  of  perfection  only  by  degrees,  an  J  afler  sujces.-ive  impTOve* 
ments  by  some  of  the  most  distinguished  philosopher.^.  These 
labors  have  been  directed  towards  the  impiovement  of  i!s  form, 
the  selection  of  a  good  thermometnc  fluid,  and  the  arrangement 
of  the  scales,  by  which  the  lise  and  fall  of  this  fluid  are  indi- 
cated. The  thermometer  of  Sanctorius  is  represented  in  Fig* 
44.  H6  employed  a  glass  tube  blown  into  a  ball  at  one  extrem- 
ity, and  open  at  the  other.  Af\er 
expelling  a  small  part  of  the  air  by 
h  'ating  the  ball,  the  open  end  was 
plunged  into  a  vessel  of  colored  li- 
quid, and  as  the  air  in  the  bail  cooled, 
this  colored  liquid  ascended  the  tube. 
Any  variation  of  temperature,  by  ex- 
panding or  contracting  the  air  in  the 
ball,  would  then  cause  the  liquid  in 
the  tube  to  rise  or  fall,  thus  forpaing 
an  imperfect  air  thermometer. 

128.  Air  Thormometer.  A  bet- 
ter construction  for  an  air  thermome- 
ter is  represented  in  Fig,  45.  It 
consists  of  a  glass  flask,  with  a  bot- 
tom flattened  so  as  to  stand  firmly 
upright,  containing  a  small  quantity 
of  alcohol,  tinged  red  by  cochineal, 
and  stopped  closely  by  a  cork,  or  by 
a  stopper  of  brass,  screwed  tightly  to 
a  ring  of  the  same  meud  cemented  to 
the  neck  of  the  fla^k.  Through  this 
stopper  is  passed  a  tube  of  one-eighth 
inch  bore,  and  a  yard  in  length,  open 
at  both  ends.  This  tube  is  cemented 
tightly  into  the  stopper,  and  dips  into 
the  liquid.  A  scale  of  wood  or  metjU. 
divided  into  equal  parts,  is  attach^ 
to  the  tube  by  fine  wire.  There  is, 
therefore,  a  quantity  of  air  confined 
within  the  fliisk  which  can  not  escape, 
and  when  tliis  expands  by  the  ap- 
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plication  of  h^at,  the  colored  aWhol  is  forced  up  the  tub^i 
Thus  the  height  of  the  fluid  will  indcate  I  he  expansion  of  tlie 
air,  and  consequently,  the  degree  of  heat  to  which  the  instru- 
ment U  exposed.  There  are,  however,  two  objections  to  the 
employment  of  air  for  this  purpo:^*  Its  expansions  and  con- 
tractions are  so  great,  even  from  small  changes  of  temperature, 
that  a  tube  several  feet  in  length  would  be  required  to  measure- 
them ;  and  as  the  tube  is  necessarily  open  to  the  air,  the  con-.- 
t'nmd  variation  in  the  pressure  of  the  atmosphere  elevates,  and 
depresses  tlie  colored  liquid  without  any  reference  to  the  varia- 
tions in  temperature ;  and  thus  the  iustniment  is  converted  into 
a  rude  barometer,  and  made  a  measure  of  the  pressure  of  the 
fvtmo^phere,  as  well  as  of  temperature.  It  is,  however,  an  ex- 
ce  nlingly  useful  instinjment  in  the  hiboratory  for  experiments 
on  h(  at,  to  detect  on  the  spot  and  make  plainly  manifest  to  the 
eye,  Fudden  variations  in  temperature  and  small  degrees  of  heat. 
129.  The  Differentimi  Thermometer.  For  the  above  rea- 
sons the  air  thermometer,  tor  common  purposes,  is  both  incon- 
venient and  inaccui-ate,  and  therelojce  has  long  since  been  laid 
asid^.  There  is,  luiwevcr,  a  niodification  of  this  instrument, 
invented  by  Mr.  Leslie,  and  calh-d  the  differential  thermometer, 
which,  for  certain  purposes  is  a  very  elegant  and  useful  instni- 
ment,  A  drawing  of  this  histnimeni  is  represented  in  Fig.  46, 
and  it  is  designed,  as  its  name  imports,  to  show  the  difference 
of  temperature  between  two  phices  at  short 
distances  from  each  other.  It  consists  of  a 
glass  tube  terminated  at  each  end  by  a  bulb, 
and  bent  as  sbown  in  the  figure.  The  tube 
is  partly  filled  with  some  colored  fluid,  as 
sulphuric  acid  tinged  with  carmine,  or  alco- 
hol colored  by  coahineid,  the  bulbs  and  other 
parts  of  the  tube  being  filled  with  air.  It 
is  obvious,  from  the  construction  of  this  in- 
strument, that  it  can  not  indicate  the  tem- 
perature of  the  atmosphere,  since  an  equal 
expmision  of  the  air  in  both  bulbs  would 
pr(*ss  equally  on  the  fluid  in  both  arms  oi' 
the  tiibe^  and  consequently  it  would  rL-e  in 
neither.  But  if  one  bulb  be  exposed  to  a 
hi«:!jher  temperature  than  the  o'her,  then,  the 
expansion  of  air  m  tins  will  Us  greater  than  in  the  otlier,  and- 

'129.  ]>0flcilbe  Leslie*!  diflCncDtjal  Uiennometer.    Vlliat  to  lU  most  impartaiit  vmf 
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oonseqiieirtly  the  fluid  will  move  toward  the  bulh  in  which  the 
air  is  least  expanded.  The  use  of  this  thermometer  consists  in 
showing  the  diiference  of  temperature  to  which  the  bulbs  are 
exposed,  as  in  the  experiments  on  the  radiation  of  heat,  already 
described.  Tlie  scale  affixed  to  one  of  the  arms  is  dividetl  into 
100  degrees,  and  indicates  the  amount  of  expansion.  Tiie  arms 
Bve  six  inches  long,  and  the  bidbs  an  inch,  or  a  little  more,  in 
diameter.  It  is  of  special  advantage  in  detecting  the  amount  of 
heat  which  proceeds  from  any  given  source,  such  as  that  which  is 
transmitted  through  rock  salt,  in  experiments  on  diathermancy, 
without  danger  of  part  of  the  eifect  being  due  to  some  extraneous 
eoMrce,  as  for  instance  the  heat  of  a  neighboring  fire  or  lamp. 
This  extraneous  heat,  though  it  would  affect  a  common  ther- 
mometer,  exerts  no  influence  upon  the  differential  thermometer, 
9o  that  whatever  effect  is  produced  upon  it,  is  due  exclusively  to 
the  particular  source  of  heat  which  is  employed. 

130.  Ti&e  IHercarial  ^ermomeier,  Aerifonn  fluids  being 
infippHcable  to  the  construction  of  thermometei's  for  the  p^irpoe 
of  measuring  the  varying  temperature  of  places  and  tilings,  on 
account  of  their  great  expansibility,  it  is  necessary  to  make  use 
of  solids  or  liquTds.  Solid  bodies,  however,  are  equally  unfit- 
ted for  this  purpose,  from  an  opposite  property,  their  slight  ex- 
pansibility, it  being  so  small  as  not  to  be  appreciable  without 
the  adaptation  of  complicated  machinery,  A  perfect  substance 
for  this  purpose  would  be  a  fluid,  which  would  expand  uni- 
formly with  equal  increments  of  heat,  and  neither  freeze 
nor  boil  at  any  temperature  to  which  it  might  be  exposed. 
Mercury  approaches  nearer  to  these  conditions  than  any  other 
substance,  and  therefore,  this  is  the  fluid  now  almost  universally 
employed.  Its  boiling  point  is  6G2°,  and  its  freezmg  poinU-40®, 
which  enables  it  to  measure  a  very  wide  range  of  temperature; 
and  it  posse-'ses  also  this  singular  advantage,  that  though  it  ex- 
p  mds  more  for  an  equal  increment  of  heat  at  a  high  than  a  low 
temperature,  this  additional  expansion  is  con-ected  by  the  in- 
creased capticity  of  the  glass  bulb  and  tube  which  contain  it^  so 
that  the  indications  of  the  instrument  ai*e  very  nearly  correct 
for  all  temperatures  between  freezing  and  boiling  water ;  for 
higher  temperatures  the  compensation  is  not  so  exact,  ^h{^ 
total  expansion  of  mercury  for  three  progressive  intervals 
of  ISO*'  F.  is,  between  32^  and  212°,  X  part  in  55.08 ;  between 

*  19>.  DoKrlbe  the  nwromtal  themoq^eter.    Why  Is  merouty  *  good  thermomeCrto 
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212^  and  302°,  1  in  54.61 ;  between  892°  and  572°,  1  in  54.0L 
The  temperature  of  572°  F.,  as  measured  by  an  air-thei-mome- 
ter,  if  measured  by  the  expansion  of  mercuiy,  in  an  ordinary 
thermometer,  would  be  indicated  as  58 G°,  showing  that  the 
expansion  of  the  mercury  increases  as  the  temperature  ri  es. 

131.  Constmctioii  of  the  Thormometer.  The  blowing  of 
an  accurate  thermometer-tube  and  bulb  requires  much  experi- 
ence, is  perfonned  only  by  skillful  ailists,  und  is  the  most  diffi- 
cult part  of  the  construction  of  the  instrument.  The  delicacy 
of  a  thermometer  depends  upon  the  fineness  of  the  bore  of  the 
tube,  and  the  large  size  of  the  bulb.  The  bore  must  also  be 
of  equal  calibre  throughout ;  this  is  detei*mined  by  introducing 
a  small  portion  of  mercury,  and  then  ascertaining  by  means  of 
a  pair  of  dividers  if  it  occupies  the  same  space  ui  all  portions 
of  the  tube.  The  bore  being  extremely  fine,  the  mercury  can 
on!y  be  introduced  by  heating  the  bulb,  expelling  a  portion  of 
the  air  within  it,  and  then  inverting  tlie  open  end  of  the  tube 
into  a  vessel  of  the  liquid  metal.  As  the  air  within  contracts 
by  cooling,  the  pressure  of  the  external  atmosphere  forces  the 
mercury  to  enter  the  tube  in  order  to  supply  its  place.  The 
-bulb,  and  about  one-third  of  the  tube  having  4  hus  been  filled,  a 
spirit  lamp  is  applied  to  the  bulb,  until  the  mercury  lias  been 
made  to  boil,  and  driven  to  the  extreme  upper  end  of  the  tube. 
By  this  process  the  air  and  moisture  mixed  with  the  mercury 
are  completely  expelled.  At  this  instant,  before  the  lamp  is 
withdrawn,  and  while  the  mercury  still  completely  fills  the  stem, 
the  flame  of  the  blow-pipe  is  darted  across  the  end  of  the  tube, 
and  it  is  immediately  melted  up,  or  hermetically  sealed.  When 
the  lamp  is  removed  the  mercury  contracts  to  its  former  dimen- 
sions, leaving  a  vacuum  between  itself  and  the  extremity  of  the 
tube.  Consequently  there  is  no  aeriform  fluid  to  be  compressed 
by  the  mercury  as  it  expands,  and  by  its  reaction  keep  the  level 
of  the  liquid  below  the  point  it  should  properly  reach.  For 
this  reason,  in  a  pi-operly  constructed  thermometer,  if  the  tube 
be  inverted,  the  mercury  will  freely  nm  to  the  extremity  of 
the  instrument,  there  being  no  air  within  the  tube  to  impede 
its  motion. 

Having  sealed  the  end  of  the  tube,  the  next  step  in  the  con- 
struction of  the  thermometer  is  its  graduation.  This  is  done 
by  marking  two  fixed   and  invariable   points  on   the  stem, 

.  181.  Deficribe  the  conBtrtiction  of  the  thermometer.  How  is  the  air  expelled?  What 
•re  the  fixed  points  of  the  scale? 
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vhich  indicate  the  Bame  temperatures  in  every  tbcrmometer,  and 
then  making  a  scale  of  equal  divisions  between  these  two  points. 
These  are  the  freezing  an:l  boiling  points  of  water  which,  under 
the  same  circumstances,  always  indicate  constant  teriiperaturcs. 
Tbe  freezing  point  is  found  by  immersing  the  bulb  of  the  ther- 
mometer in  melting  snow  or  ice,  for  it  has  been  ascertained  that 
the  temperature  of  water  flowing  from  melting  snow  or  ice  is 
everywhere  the  same,  whatever  may  be  the  heat  of  the  atmos- 
phere where  the  experiment  is  made.  The  boiling  point  is  slightly 
affected  by  a  variation  in  the  pressure  of  the  atnio  pherc ;  but 
the  thermometer  wiU  be  sufficiently  accurate  for  all  ordinary 
purposes  when  this  point  is  ascertained  by  immersing  the  bulb 
in  pure  boiling  water,  open  to  the  air,  and  at  the  level  of  the  sea, 
during  pleasant  weather.  The  freezing  and  boiling  points  are 
marked,  with  a  diamond  or  file,  on  the  tube,  and  a  sc^e  is  at- 
tached, upon  which  the  degrees  are  clearly  marked.  The  inter- 
val between  these  points  is  differently  divided  in  different  coun- 
tries. In  England  and  the  United  States,  the  division  generally 
adopted  is  that  of  Fahrenheit- 

132.  Fahreaheift  Scale.  Fahrenheit  was  a  philosophical 
instrument  maker  of  Amsterdam,  who  constructed  thermome- 
ters in  so  adra'rable  a  manner  tliat  they  soon  spread  all  over 
Europe.  On  his  scale  the  freezing  point  of  water  was  marked 
at  32°,  and  the  boiling  point  at  212°.  The  interval  between 
these  two  points  was  then  accurately  divided  in'o  180  equal 
parts,  called  degrees,  which  are  continued  below  32°  to  0°,  and 
above  2 1 2°  as  high  as  662°,  or  the  boiling  point  of  mercury,  if 
need  require.  The  scale  is  often  carried  much  lower  than  0°, 
and  in  this  case  the  degrees  always  have  the  pi*eiix  —  mintts, 
to  indicate  this  fact.  Thus  —  40°  indicates  a  temperature  40° 
below  0°.  The  scale,  therefore,  really  commences  at  32°  below 
the  freezing  point  of  water,  tliis  being  the  point  at  which  the  0° 
is  placed ;  the  freezing  ix>int  of  water  is  placed  at  32°,  and  the 
boiling  point  of  water  at  212°,  and  when  a  higher  or  lower 
temperature  is  to  be  measured,  the  scale  of  equal  parts,  as  has 
been  stated,  is  continued  beyond  these  points.  It  has  been 
thought  that  Fahrenheit  took  the  zero,  or  commencement  of  his 
scale  from  the*  degree  of  cold  produced  by  mixing  snow  and 
common  salt,  that  being  the  greatest  degree  of  cold  known  in 
his  time.  The  zero  was,  however,  in  reality,  taken  from  the 
greatest  cold  observed  in  Iceland,  and  the  principle  which  dictated 


132.  DiMcriU  Fahr«nlMii*8  soaU. 
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tlie  pec«rar  division  of  the  scale  was  the  iollowin;^.     When  tfie 

instrument  stood  at  the  greatest  cold  of  Iceland,  or  at  0®,  it  was 
computed  to  contain  11,124  equal  parts  of  mer- 
cury, which,  when  plunged  in  melting  snow,  or 
freezing  water,  exfrnnded  to  11,1 5G  parts ;  Hence 
the  intermediate  space  was  divided  into  32  equal 
portions,  and  32°  was  taken  as  the  freezing  point 
of  water.  When  the  thennometer  waa  plunged 
into  boiling  water  tlie  mercury  was  expanded  to 
1},336  parts,  and  therefore  212**  was  marked  as 
boiling  pomt.  Though  the  principle  on  wh'ch 
this  scale  is  founded  is  not  reliable,  yet  it  pos- 
sesses itt  practice  decided  advantages  over  every 
other  on  account  of  its  extensive  range  and  the 
lowness  of  its  0°,  which  ordinarily  dispenses  with 
the  necessity  for  using  negative  degreei*,  and  also 
CQ  account  of  the  smallness  of  its  degi^ees  which 
makes  the  use  of  fractions  unnecessary. 

133.  Other  Thnmmmmtnc  SKemles.  BeFidt?:^ 
the  scale  of  Fahrenheit,  in  which  tlie  dii«tance 
between  the  freezing  and  boiling  points  is  divided 
inta  1 80  equal  parts,  there  ai^  in  use  in  France  and 
on  the  Continent  in  general,  two  other  scales,  the 
Centigrade  and  Reaumur*s.  In  theTonner,  tlie 
distance  between  the  freezing  and  boiling  points 
is  divided  into  100  equal  parts,  the  0**  being  placed 
at  the  former,  and  100**  at  Hie  latter.  In  Reav- 
Slur's  scale,  0**  is  placed  opposite  to  the  freezing 
point,  and  80°  opposite  to  the  boiling  point. 
Consequently,  212°  F.  <orresfond  to  ltiO°  C.  and 
to  80°  R,  and  32°  F.  correspond  to  0°  C.  and  0° 
R.  In  order  to  compare  the  e  scalers  together  it 
is  necessary  to  resort  to  calculation.  The  first 
thing  to  be  done  is  to  establish  the  ratio  of  the 
scales ;  and  as  the  number  of  degrees  between 
the  freezing  and  boiling  points  of  water  in  the 
three  scales  are  180,  100,  and  80,  the  scales  con- 
sequently iM-ar  these  proportions  to  each  other, 

whidi  by  reduction  to  their  lowest  terms  be<ome  9,  5,  and  4. 

Consequently  the  Centigrade  ainl  Reaumur  degrees  are  larger 


m 


MercMrial  T%er' 
mom*ur. 


-  1C3.  IVwffibe  the  Ct^iHgnide  mrif^.    That-  of  Roramur     Seduce  140O  Ahrenlieit  I 
CiniUgrMto.    R«Uuc«  14i>o  It.  to  UiMuuiiir. 
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rtian  those  of  Fahrenheit,  5^  of  C.  and  4**  of  R.  being  equal  to 
9""  of  F.  If,  then,  it  be  required  to  reduce  140°  F.  to  the  Cen- 
tigrade 8cale,  we  firat  subtract  32**  from  140°,  because  the  two 
ecales  do  not  start  at  the  same  point,  but  the  Centigrade  begins 
at  a  temperature  32°  higher  than  Fahrenheit;  this  gives  us 
108^.  Then,  as  the  scale  F  is  to  the  scale  C  as  180  is  to  100, 
we  establish  this  proportion :  1 80 : 1 00 : :  1 08 :  af,  or  9 : 5 : :  1 08 :  x ; 
educing,  we  have  J-^|^i=aj,  or  &^Q-=zx,  a?=60°of  the  Centi- 
grade scale.  Consequently  140°  Fahrenheit  are  equal  to  60^ 
6f  the  Centigrade  scale.  To  reduce  140°  F.  to  Reaumur,  we 
first  subtract  32°  as  before,  and  then  establish  the  proportion 
180: 80::  108: a;,  or  9:4::  108: a?;  reducing,  we  have  iftg^i 
==jr,  or  4Ji=ar;  ar=48°  Reaumur.  Consequently,  140°  Fah- 
i^enheit  are  equal  to  48°  Of  the  scale  of  Reaumur.  In  re- 
ducing Centigrade  and  Reaumur  to  Fahrenheit,  we  reverse  the 
process  and  add  32°  to  the  answer,  instead  of  subtracting  it,  for 
fhe  reason  already  explained.  Thu«,  to  reduce  60°  Centigrade 
to  Fahrenheit,  we  have  100 :  180 : :  60 :  a?,  or  5 : 9 : :  60  :a:;reduc- 
tng,  we  have  ^<^^=ix,  or  ^Q•=zx;  a:^108°  F. ;  adding  32°  we 
Obtain  60°  C.=140°  F.  To  reduce  48°  Reaumur  to  Fahren- 
heit, we  have  80 :  180 : :  48 :  a?,  or  4 : 9 : :  48 :  a: ;  reducing,  we 
have  4«^a=ar,  or  132=3:;  a:=108°  F.:  adding  32°  we  obtain 
48°  R.,=  140°  F.  The  following  formulae,  express  the  steps 
of  these  calculations  very  clearly : 

(F— 32)X5     ^ 
Fahrenheit  to  Centigrade, g — ^-     ' 

CX9  ''  /   /; 

Centigrade  to  Fahrenheit, —g— "I"  32—F.    ^  ' 

(F— 32)X4  ^  ■'    '    Z/;^     . 

Fahrenheit  to  Reaumur,     q =fcK.  .  ,  '  /   ■ 

A  !  '  i 
RX9  'V  ^  •  *  ^ . 

Reaumur  to  Fahrenheit,    — j— +32=F.  *  '^  /. 

Sometimes  thermometers  have  two  scales  attached  to  the 
same  stem,  as  in  Fig,  47,  where  Fahrenheit's  scale  is  placed  01 
the  right  hand,  and  the  Centigrade  on  the  left.  With  such  an 
arrangement  there  is  no  necessity  for  any  calculation.  This  * 
arrangement  is  still  further  improved  by  graduating  the  gla  s 
tube  itself  with  one  of  the  scales,  and  placing  the  other  two 
up6n  the  sides. 

How  are  Centigrade  and  Reanmiir  reduced  to  Fahrenheit?  Explnin  the  principle  of 
the«e  redactions.  Saow  ho«v  reductioo  may  be  obriated  by  thermometer  with  two  •caWa. 
or  with  three. 
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Fig.  46. 


tiM' 


•  134.  Difi^rent  Forms  of  the  Thermometer.  The  ther- 
mometer is  arranged  in  many  d liferent  forms,  but  in  all.  the 
principle  is  the  same.  For  u  e  in  the  kboratory  it  is  specially 
advantageous  to  avo'd  the  employment  of 
wooden,  ivory,  or  metallic  pcale-,  on  account 
of  their  liability  to  corrosion  from  gases  and 
liquids.  The  best  chemical  thermometei's  are 
therefore  constructed  with  scales  cut  upon  the 
glass,  as  in  Fig,  48,  which  represents  two 
thermometers  graduated  on  the  tube,  and 
with  bulb.5  elongated  in  order  to  render  the 
mercury  more  susceptible  to  variations  of 
temperature. 

135.  Resrister  Thermometers.  Several 
methods  have  been  devised  to  make  ther- 
mometers mark  temperature  in  such  a  man- 
ner as  to  leave  permanent  indications  of  the 
highest  and  lowest  points  which  the  mercury, 
has  attained  since  the  last  observation.  Thus, 
in  attempting  to  find  the  temperature  of  the 
dtjep  ocean  by  the  common  thermometer,  it  is 
easy  to  see  that  the  object  would  be  defeated  by 
the  increase  in  the  temperature  of  the  water  as 
the  instrument  is  drawn  toward  the  surface.  1  f, 
however,  a  mark  could  be  lefl  at  the  point 
where  the  mercury  stood  when  it  was  at  the 
greatest  depth,  then  the  object  in  question 
would  be  attained,  and  this  is  what  the  self- 

y  registering  thermometer  performs.  It  also 
indicates  the  highest  and  lowest  temperatures 
which  may  be  reached  during  the  day  or 
night,  in  the  absence  of  the  observer.  One 
of  the  simplest  and  most  efficient  forms  of  this 
instrument  was  invented  by  Rutherford,  and 
lears  his  name.  It  is  represented  in  Fig.  49, 
and  consists  of  two  thermometers,  with  their  bulbs  bent  at  right 
angles  to  the  stem,  and  placed  in  an  inverted  position  in  i-efer- 
ence  to  each  otiier.  The  upper  one  is  filled  with  mercury,  the 
lower  with  alcohol.  In  the  former  a  small  piece  of  steel  is  in- 
troduced, which  is   pushed  ibrward  by  the  expansion  of  the 
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134.  Dewribe  differoat  Ibnni  of  tbe  thermometer.— 185-  Describe  Butberibrd**  Eegia> 
ter  tlMMrmoiiMt«r. 
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mercury,  and  left  when  it  again  contracts.     The  lower  side  of 
the  steel  indicates,  therefore,  the  highest  point  which  the  mer- 

Fig.  49. 
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RuOurfortTs  'Jlegiiter  Thermometer, 


curj  ha^  reached  during  the  absence  of  the  observer.  In  the 
latter,  there  is  inserted  a  small  bit  of  glass,  which  floats  in  the 
alcohol,  and  is  carried  down  by  it,  when  it  contracts.  When  it 
ex[)ands  again,  the  bit  of  glass  is  not  pushed  forward,  but  is  left 
at  the  point  at  which  the  alcohol  remained  stationary.  Thui 
the  upper  end  of  the  bit  of  glass  indicates  the  lowest  point  to 
whi.!li  the  thermometer  has  sunk  during  the  absence  of  the  ob- 
server. It  is  evident  that  the  instrument  needs  to  be  adjusted 
before  it  can  give  these  indications  a  second  time.  Thi-J  is  ac- 
complished by  inclining  it  upon  the  end  towards  the  left  and 
gently  tapping  the  instrumenL  The  steel  descends  to  the  level 
of  the  mercury,  and  the  piece  of  glass  flows  down  to  the  end  of 
the  alcoliolic  column.  The  thermometer  is  then  adjusted  and 
fitted  to  make  a  second  registration. 

136.  metallic  Thermometen.  When  it  is  desired  to  meas- 
ure temperatures  lower  than  the  degree  at  which  mercury 
freezes,  i.  e. — 40°,  it  is  necessary  to  use  thermometers  filled 
with  alcohol,  a  liquid  which  has  never  yet  been  solidified. 
On  the  other  hand,  when  it  is  desired  to  meamre  temperatures 
higher  than  the  degree  at  which  mercury  is  converted  into  a 
vapor,  we  must  employ  thermometers  made  of  metal.  Metallic 
thermometers*  depend  upon  the  expansion  and  contraction  of 
solids  multiplied  by  means  of  machinei-y  and  accurately  meas- 
ured by  a  graduaied  pcale.  In  Fig.  50,  there  is  a  i*epresenta- 
tion  of  Br^guet*s  m  »tallic  thermometer.  It  consists  of  a  strip  of 
metal,  com|x>sed  of  slips  of  platinum,  gold  and  silver,  which,  after 
being  soldered  together,  are  rolled  into  a  thin  ribbon,  wliich  is  then 

136.  Wh J  an  BMUllio  ihsnnoawMn  OMf ul  ?  DMcrib«  Br^piars  meUllio  tbtrmomator 
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BregueVs  MtUxUic  Hunnameter. 


Fig-  50.  formed  into  a  spiral  or  helix; 

The  silver,  which  is  the  moft 
expansible  of  these  three 
metals,  is  placed  upon  the 
outside  of  the  helix ;  the  pla- 
tinum on  the  inside,  and  the 
gold  between  the  two.  One 
end  of  the  spiral  is  fixed,  the 
other  is  connected  with  an 
index,  and  graduated  circle. 
As  the  temperature  rises,  the 
silver  expanding  the  most, 
twists  the  spiral  and  causes 
the  index  to  move  from  left 
to  right.  When  the  tempera- 
ture falls,  the  spiral  turns  in 
the  opposite  direction.  It  is  tin  exceedingly  delicate  and  beauti- 
ful instrument.  There  are  others  constructed  upon  the  same 
plan,  but  /irranged  in  a  more  compact  and  convenient  form. 

137.  P3rrometer8.  This  name  is  given  to  instruments  in- 
tended to  measure  high  degrees  of  temperature,  such  as  the 
heat  of  furnaces  and  kilns.  The  mast  celebrated  is  the  on6 
invented  by  Pro^.  Daniel l,d<*pending  for  its  act  on  upon  the 
expansion  of  a  rod  of  platinum.  The  amount  of  the  expansion 
is  measured  by  nicely  adjusted  sdales.  Platinum  is  infusible  at 
most  artificial  temi)eratures,  and  is  therefore  well  fitted  to  te^t 
the  heat  of  the  hottest  furnaces.  Wedge vVood's  pyrometer  de- 
pends upon  the  contraction  of  bits  of  clay,  by  heat,  in  conse- 
quence of  the  loss  of  water,  which  they  suffer  when  placed  in 
a  very  hot  furnace.  The  amount  of  this  contraction  is  meas- 
ured by  a  scale,  and  thus  it  affords  a  tolerably  accurate  measure 
of  temperature.  By  means  of  Daniel fs  pyrometer  it  has  been 
ascertained  that  red  heat  takes  place  at  about  980°  F. ;  silver 
melts  at  1  873° ;  cast  iron,  2  786* ;  gold,  2  016° ;  and  that  the 
highest  heat  of  a  wind  furnace  is  about  3  280°. 


Ezparlmenta  ^— Eifeota  of  Rsat:    Ezpaaston. 

1.  Expansion  of  Holldv.  That  fottdn  expand  tram  heat  may  be  ehovm  by  fitting 
a  braM  rod,  provided  with  a  wooden  handle,  into  an  iron  plate,  cut  po  w  jufit  to  rifeive 
It.  Heat  the  rod  and  it  will  no  longer  enter  thiit  cavity.  Cool  It  by  inuner^ioo  in  a  fxee»> 
Sng  mixture,  and  it  will  enter  It  much  more  easily  than  it  did  at  flrst. 

2.  Heat  any  metallic  ball,  and  It  will  no  longer  pasH  through  a  hole  in  a  plate  oi  cofr 


137.  What  are  pvrometera  ?     Deficrihe  Dnnieirn  pvramoter.     Describe  Wedg«wood*a. 
Htotlonaoiiie  of  tfiie  tttupetitturer  dDtermiiied  by  the  pyrometer. 
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•fee  or  a  rivig.  thi«»i]gb  wbkh.  when  cold,  it  ewfly  passed.    ADow  Ifc  to  cod  and  it  reooT* 
•n  itsorigiuttl  Uimeiwioos. 

3.  To  allow  tbac  ditferent  metals  expand  unequally  Ibr  the  same  additions  of  heat,  ex- 

K«  rods  of  different  metals  to  tne  same  source  of  heat,  i.  e..  the  same  lump  for  an  equal 
gth  of  time,  and  measure  the  expaiislon  by  the  moving  of  an  index  over  a  graduatei 
axo  o(  a  circle,  as  in  the  ordinary  pyrometer:  the  expiinhion  will  be  dirterent  in  each  ca^e. 

4.  KJvet  together  along  chdr  whole  length,  two  strips  of  brass  ami  idnc,  and  throw  tue 
oompouod  strip  into  a  vessel  of  boiling  water.    It  will  be  curved  by  the  greater  expan* 

-  ak>n  of  the  more  expansible  nietal,  tbe  zinc. 

d.  Thfiow  tile  same  compound  strip  into  a  fbeedng  mixture  of  Ice  and  snow,  or  Ics 
water,  and  it  will  be  bent  in  the  opposite  direction,  by  the  greater  contraction  of  tiie 
same  metal 

0.  That  solids  expanded  by  heat  return  to  their  original  dimensions  when  penritt  1 
to  resume  their  fbrmer  temperature  is  shown  by  experaneot  2,  uith  ball  and  ring;  al.<4> 
by  sospending  a  56  ib.  weight  by  an  iron  wire  from  the  ceiling  in  such  u  way  as  to  ju^t 
clear  a  block  placed  under  the  weight ;  then  tie  upon  the  wire,  at  intervals  of  a  foot,  bits 
of  tow ;  saturate  them  with  alcohol  and  apply  a  match.  The  wire  will  be  lengtheued  bj 
-tue  expansion,  and  the  weight  no  longer  clear  the-bloclC.  idlow  the  wire  to  cool  and  th« 
weig.it  will  be  drawn  up  to  its  former  position. 

-/•  That  poor  conductors  of  heat  are  readllv  broken  by  sudden  heating  is  shown  by 
applying  a  hot  Iron  to  a  glass  flask ;  It  will  be  broken  a!on(f  the  path  of  the  1  on. 

ll.  Invert  a  boUle  having  a  glass^olopper,  aad  eautiously  heat  the  neck  of  the  bottle 
on  the  outside  with  a  spirit  lamp ;  the  stopper  will  soon  drop  ont,  showing  the  real  ex- 
pansion of  the  glass  when  slowly  heated. 

9.  Grind  a  glass  rod  accurately  Into  a  hole  in  a  metallic  plate,  and  then  heat  slowly  fan 
a  spirit  lamp,  or  by  iuaersion  in  hot  water ;  k  will  no  longer  fit  tbe  hole. 

10.  Uedt  the  eflass  stopper  of  a  bottle,  and  it  wUl  no  longer  entef  the  month  of  th« 
botde. 

1 U  Expa-iMton  of  Llquidl.  To  show  that  liquida  expand,  dip  the  bulb  of  a 
'thermometer  into  hot  water. 

IJ.  Fit  a  cork,  with  a  long  tube  passing  through  it,  into  a  flask  filled  With  water. 
The  water  will  ri!«e  into  the  tube  three  or  four  inches ;  tie'  a  string  around  the  tube  at 
4he  level  of  the  liquid,  and  dip  the  flask  into  hot  water;  first  the*  water  will  sink  and 
then  rise  very  i«pidiy  in  the  tube. 

1  i.  Fill  a  lar^  test  tube  entirely  fhll  of  alcohol,  and  then  place  It  carefully  in  a  jar 
-or  hot  water;  it  wi«l  very  soon  overflow  the  rim.  Or,  fill  a  flavkt  like  that  described  In 
the  preceding  experiment,  12,  with  alcohol  colosed  red  by  eochiueal,  and  note  the  addi- 
tional amount  of  expansion. 

14b  Fill  a  dropping  tube  entirely  fhU  of  solphnHe  ether  or  aloohdl  and  apply  heat  to 
the  bulb,  the  thamb  beings  applied  to  the  larger  end.  The  liquid  will  be  forced  out 
through  the  small  orifoe,  in  a  steidy  stream. 

Id*  That  different  iiuuid-<(  expand  unequally  from  the  same  Iherements  of  heat  la 
shown  by  filling  two  butb^,  of  the  same  size,  one  with  alcohol,  and  the  other  wit'.i  water, 
to  the  same  he%iit,  and  dipping  them  into  the  same  vessel  of  iiot  water ;  or  by  filling  a 
Urge  bulb  to  a  certain  point  first  with  water,  and  pUcing  it  for  ten  minutes  in  a  vessel 
of  boiling  water;  then  emptying  it,  cooling  In  cold  water,  filling' it  witli  alcohol  to  tlie 
■nne  point,  and  exposing  It  for  ten  minutes  In  the  same  vessel  of  bolUng  water.  Mote 
the  difference  In  the  expansion  in  the  two  cases  by  means  of  scale. 

1 4,  Appxrent  Paradox  Dip  a  flask  of  water,  with  tube,  m  In  experiment  12,  Into  a 
vessel  of  boiling  water  The  wate-  for  a  few  seconds  will  sink  cousidenibiy  in  tne  tube, 
instojul  of  rising  This  is  owing  to  the  expansion  of  the  glass  flask,  by  which  its  capucity 
Is  Increased. 

.    17.  Immerse  the  same  flask  in  a  vessel  of  ice  and  water ;  the  liquid  will  rise  instead 
of  sinking,  owing  to  the  diminished  capacity  of  the  flask. 

18.  £icpaiMiion  of  aaaea.  That  gases  expand  from  beat  Is  shown  Inr  applyhig 
heat  to  the  bulb  of  the  large  air  thermometer,  described  In  Art.  128.     Fig.  46. 

10.  Invert  a  gloss  tube,  having  a  long  bulb  at  the  end  lik»a  Utrge  thermometer  tube. 
In  water  colored  blue  by  sulphate  of  copper :  support  it  so  that  its  beak  just  dips  beneath 
the  level  of  the  liquid ;  app.y  the  flame  of  a  lamp  and  the  air  will  be  driven  out,  showing 
exp&nsion :  remove  the  lamp  and  the  liquid  will  rise  into  the  stem,  showing  contracrinn. 
apply  heat  again  and  the  idr  will  again  expand,  driving  thecoU>red  water  down  before 
it.    This  forms  a  simple  air  tb«nrroom»**er. 

20.  Heat  a  well  corked  empty  botUe  by  fanmershig  It  hi  hot  water,  or  exposing  it  te 
the  fire:  the  cork  will  be  driven  out. 

21.  Heat  a  tightly  closed  Imlia  rubber  bag,  partially  filled  with  air;  It  wUl  distend, 
and  finally  be  ruptured 

22.  Exoeotlon  by  W^^t^r  to  the  Lavv  of  CxoansloTi.  Provide  a  flask, 
ifaaUar  to  the  one  used  in  experiment  12,  but  having  a  thermutnetftr  also  p4Med  tigbtl} 
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through  the  cork ;  mark  the  height  of  the  water  hj  a  string,  and  note  the  tempentnra 
Then  Immenie  in  a  freeasiug  mixture  of  pounded  ice  or  suow,  and  salt ;  the  water  Diill 
Bteadily  iiink  in  the  tube  until  the  thermometer  indicates  about  4(K> ;  as  the  temperature 
decrcuseMf  the  water,  iniiteud  of  obe>iug  the  same  law,  begins  to  expand,  and  continues 
to  do  M)  until  the  tnermometer  indicates  the  temperature  of  32o,  wuen  it  tiUI  suddeulj 
shoot  up  and  overflow  the  end  of  the  tul)e,  on  account  of  the  ft%ezing  of  the  water  in 
the  Uafik.  In  consequence  of  this  exception,  cold  water  at  o2o  floats  on  the  top  ot  waim- 
er  watt;r  at  40o. 

2  3.  Repeat  the  experiment  depcribed  in  Art.  123,  taking  care  to  fill  the  bra«s  cup  with 
a  mixture  of  ice  and  salt,  instead  of  ice  alcme. 

24b  Tberm'^ni«t«rp.  Test  the  fireezing  and  bcdling  points  by  Immcring  them  in 
melting  ice  and  boiling  water ;  the  mercury  siiould  stand  in  the  one  ca«e  at  S^o ;  in  the 
other  at  2120. 

26.  Note  the  temperature  at  which  water  boils  In  a  glass  flask,  and  obeerre  the  eCcct 
of  throtring  in  Mime  iron  filingm. 

26.  Inrert  a  thermometer  and  observe  if  the  mercury  runs  to  the  end  of  the  stem. 

27.  Squeeie  the  buib  between  the  fingers  and  note  the  rining  of  the  mercury*.  This 
shows  the  elastidty  of  ttie  glass.    The  thenn(»neter  in  this  experiment  should  stand  at 


I  m.   Bflbett  of  Beatt— Liqnefactloii. 

138.  Heat  of  Compositioii.  It  has  been  stated  that  beat  ex- 
ists in  two  states :  ifirst,  as  heat  of  temperature ;  second,  as  heat 
of  composition.  Having  considered  the  effects  of  heat  in  the  iirst 
of  these  states,  we  now  proceed  to  consider  those  which  it  produces 
rin  tlie  second.  Wlien  heat  merely  flows  into  a  body,  without  com- 
bining with  it,  the  only  effect  produced  is  an  elevation  of  tempera- 
ture, together  with  a  proportionate  enlargement  of  its  dimensions ; 
but  when  it  enters  into  a  body  so  as  to  combine  with  it,  the  body  is 
changed  from  the  state  of  a  solid  to  that  of  a  liquid,  or  from  the 
state  of  a  liquid  to  that  of  a  vapor.  In  this  case  a  portion  of  the 
heat  disappears ;  the  whole  of  the  heat  which  enters  the  body  does 
not  appear  as  heat  of  temperature,  but  a  portion  is  expended  in 
changing  its  state.  The  heat  no  longer  appears  as  heat ;  the 
solid  into  which  it  has  entered  no  longer  appears  as  a  solid. 
The  heat  and  the  solid  have  combined  so  as  to  form  a  new 
liquid  or  gaseous  substance,  diifering  essentially  in  its  appear- 
ance and  properties  from  both  the  substances  which  have  en- 
tered into  it.  The  process  is  analogous  to  that  which  takes 
place  when  the  two  invisible  gases,  oxygen  and  hydrogen,  uniie 
to  form  the  visible  substance,  water,  differing  in  all  respects 
from  the  two  elements  which  have  combined  to  form  it.     It  is  a' 

138.  What  are  the  two  states  in  which  heat  exists?  What  are  the  effects  produced 
npon  bodies  by  hent  of  temperature  ?  What  are  the  effects  produced  upon  bodieK  when 
heat  enters  Into  oompoAition  with  them  ?  What  change  of  st-«te  in  produced  by  heat  d 
•omposition  ?    Wlkeu  two  substances  eombinei  what  Li  the  uuiTtrsal  law  t 
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universal  law  that  when  two  substances  combine,  the  compound 
foi*raed  possesses  properties  different  from  those  of  tlie  comj)o- 
nent  elements.  In  this  view,  water  is  a  compound  of  ice  and 
heat ;  melted  iron  b  a  compound  of  solid  iron  and  heat,  be* 
cau.-^e  in  both  these  combinations  a  large  amount  of  heat  has 
combined  with  the  ice  and  iron,  and  no  longer  appeara  possessed 
of  its  moit  striking  property,  viz.,  the  power  to  elevate  tempera- 
ture;  while  at  the  same  time  both  the  ice  and  iron  have  lost  all 
their  solid  properties  and  been  converted  into  liquids.  The  first 
of  the  effects  of  combined  heat  is  Liquefaction;  the  second, 
Vaporization. 

139.  Liquefaction  prodaeed  by  Beat. — Melting'  Point. 
"When  heat  enters  a  solid  its  first  effect  is  to  produce  expansion ; 
as  it  accumulates,  the  particles  gradually  become  so  far  separa- 
ted as  to  move  easily  upon  each  other  and  readily  change  their 
position,  and  finally,  if  the  heat  be  increased  still  further,  a  state 
of  complete  liquidity  is  the  result.  This  process  is  called  Lique- 
faction. The  degree  at  which  it  takes  place  is  different  for  dif- 
ferent substances,  and  is  called  the  melting  point.  Ice  melts  at 
32°F.;  spermaceti  at  132°;  sulphur  22G°;  tin  442**;  lead  612^1 
iron 2786°;  silver  1873°;  go!d201G°. 
140.  Disappearance  of  a  larg-e 
amonnt  of  Heat  dnrin^  Liqnefaction. 
The  most  important  fact  connected 
with  liquefaction,  is  the  disappear- 
ance and  absorption  of  a  large 
amount  of  heat.  The  fact  of  this 
absorption  may  be  easily  proved.  If 
a  flask  full  of  ice  at  0°,  with  a  ther- 
mometer inserted  in  it,  be  placed 
over  a  fire,  the  mercury  will  immedi- 
ately commence  rising,  and  continue 
to  do  so  until  it  has  attained  the 
temperature  of  32° ;  but  when  it  has 
reached  this  pohit  it  will  suddenly 
stop  and  refuse  to  rise  any  higher. 
Fig,  51 ,  This  elevation  of  tempera- 
.      ^  ^,     .  ture  in  the  ice  takes  place  without  the 

Aosorpt  on  of  Itf-at  m  ix»  f»  .•         i  n 

u>iu*fdction.  meltmg  of  any  portion,  however  small. 


Fig.  61. 


In  this  light  what  may  melted  iron  be  regarded  as  composed  of?— 1S9.  ^liat  is  the 
caiue  of  liquefaction?  Is  the  temperature  nt  which  it  tal(es  place  the  sam^  in  all  sub- 
stances? UWo  the  melting  point!*  of  different  substances.— 140.  What  is  the  most  im- 
port int  firt  connected  with  Uquefiictloii  ?  Uoir  may  the  absorptioii  of  heat  in  Uqoe&Q* 
non  be  shown  ? 
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Ab  soon,  however,  as  the  thermometer  has  risen  to  32°,  the  ic*» 
ceases  to  indicate  any  increase  of  temperature,  and  bt-gins  to 
melt  very  slowly.  Now  it  is  evident  that  in  the  ^ve  minutes 
immediately  after  the  thermometer  has  ceai?ed  to  rise,  the  ice 
must  be  receiving  heat  at  the  ?ame  rate  as  it  did  in  the  five  min- 
utes immediately  before.  What  has  become  of  this  heat,  since 
it  produces  no  effect  on  the  thennomet^r  ?  It  has  evidently  dis- 
appeared and  been  absorbed  in  the  process  of  liquefaction,  and 
its  force  has  been  ex|  ended  in  effectinjr  this  change  of  fctafe. 
It  has  combined  with  the  ice  and  produced  a  substance  in  whi(  h 
neiher  its  own  properties  as  heat,  nor  those  of  the  ice,  as  a  ^  olid, 
any  long^er  appear.  The  heat  thus  absorbed  is  said  to  have  be- 
come latent,  and  the  amount  of  it  varies  with  the  particular  solid 
substance  which  is  liquefied. 

141.  Amount  of  Beat  absorbed  in  tlie  melting  of  Ice.  In 
the  liquefaction  of  ice,  the  heat  absorbed  is  sufficient  to  raise 
Ihe  temperature  of  an  equal  wi^ight  of  water  1 40°.  Thus,  if  a 
pound  of  ice  be  met  red,  the  heat  absorbed  is  sufficient  to  rai^e 
the  temperatui*e  of  a  pound  of  water  from  32°  to  172°,  or  140°. 

This  may  be  proved 
^*?-  ^^  by  the  following  ex- 

periment*: Fig.  52. 
Let  a  pound  ot  brok- 
en ice  at  32°,  and  a 
pound  of  water  also 
at  32°,  be  inti-oduced 
into  two  sepai  ate 
glass  jars,  of  the 
same  size  and  thick- 
ness, and  in  every 
respect  exactly  alike, 
and  let  both  be  placed 
in  a  shallow  metal.ic 
pan,  filled  to  the 
depth  of  an  inch 
with  water.  Let  a  thermometer  be  placed  in  each  jar,  not  ar- 
ranged as  in  the  figure,  with  its  bulb  touching  the  bottom,  but 
su-pended  so  that  each  bulb  just  dips  b(^ncath  the  surface  of 
the  broken  icoandof  the  water.  Each  thermometer  will  stand, 
of  course,  at  82°.     Now  let  a  lamp  be  placed  beneath  the  metal- 

.  What  has  become  of  the  heat  absorbed,  and  how  has  It  been  expended?— 141.  How 
murh-  hcnt  \n  ahmrbed  In  tba  melting  of  fee?  Deacribo  the  experiment  by  which  tbif 
•mount  ia  determined. 


Amount  0/  Htat  absorbed  in  JJquefaetion. 
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lie  pan,  and  the  water  conta'ned  in  it  be  slowly  heated.  Both 
jaw  receive  heat  at  the  ^ame  rate,  and  we  should  suppose 
that  the  thennometere  would  indicate  a  temperature  increading 
at  the  same  rate  in  both ;  but  instead  of  thi.^,  they  are  found  to 
be  very  unequally  affected.  The  thermometer  in  the  jar  con- 
taining water  at  32°  immediately  be^ns  to  rise,  while  that  in 
the  jar  containing  ice  at  32^  remains  stationary,  and  does  not 
begin  to  rise  tintU  the  ice  is  entirely  melted.  If  at  the  instant 
when  the  last  particle  of  ice  disappears  and  while  its  tempera* 
ture  is  still  at  32°,  we  observe  the  thermometer  in  the  jar  con- 
taining water,  it  will  be  found  to  hive  risen  from  32°  to  172°, 
showing  that  the  water  has  received  140°  of  heat.  The  ice  in 
the  other  jar  has  necessarily  received  precisely  the  same  amounf, 
yet  its  temperature  remains  unaffected.  What  has  become  of 
this  140°  of  heat?  It  has  obviously  been  absorbed  in  causing 
the  ice  to  liquefy,  and  in  so  doing  has  become  insensible  to  the 
thermometer.  As  soon  as  the  ice  has  entirely  melted,  the  ther- 
mometer will  begin  to  rise,  just  as  it  did  in  the  jar  containing 
water,  because  tha  heat  received  from  the  lamp  is  no  longer  ex* 
pended  in  producing  the  change  from  the  solid  to  the  liquid 
state,  and  exerts  the  ordinary  effects  of  heat  of  temperature. 

142.  Tha  amoiint  of  Beat  abiorbed  in  the  Liquefaction  of 
lee  shown  by  a  second  experiment.  If  a  pound  of  water  at  32^ 
be  mixed  with  a  pound  of  water  at  172°,  the  temperature  of  the 
mixture  will  be  intermediate  between  them,  or  102°, — the  mean 
t2mperature.  Btit  if  a  pound  of  water  at  172°  be  added  to  a 
pound  of  ice  at  82°,  the  ice  will  quickly  dissolve,  and  on 
placing  a  thermometer  in  the  mixture  it  will  be  found  to  stand 
not  at  102%  but  at  32%  In  this  experiment  the  pound  of  hot 
water  which  was  originally  at  172%  actually  lo-es  140°  of  heat,  all 
of  which  enters  the  ice  and  causes  its  liquefaction,  but  without 
affecting  its  temperature ;  whence  it  follows  that  a  quantity  of 
heat  becomes  insensible  during  the  melting  of  ice  sufficient  to 
raise  the  temperature  of  an  equal  weight  of  water  by  140°  F. 
This  explains  the  well  known  fact  on  which  the  graduation  of 
the  thermometer  depends,  that  the  temperature  of  melting  ice 
or  snow  never  exceeds  32°  F.  All  the  heat  which  is  added  be- 
comes insensible  until  the  liquefaction  is  complete. 

143.  Beat  of  Fluidity,  The  heat  thus  absorbed  in  the 
liquefaction  of  solids  is  called  the  heat  of  fluid! ;y,  and  is  essen- 

142   Deaoribo  a  second  experiment  by  which  the  same  f»ct  may  be  proTed.    Why  eaft 
'not  melttnir  ice  rise  abore  880  antU  the  whol«  U  melted  ?'148,  Whut  id  mwa%  by 
hMtof  auiOity? 
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tial  to  the  existence  of  the  substance  in  the  liquid  state.  It 
varies  very  much  in  different  bodies.  In  ice,  as  we  have  seen, 
the  amount  of  heat  absorbed  is  140^;  in  beeswax  it  is  175°;  in 
lead  162°;  zinc  493°;  tin  500°;  bismuth  550°;  all  of  which  is  in 
each  case  given  out  when  the  body  returns  lo  tlie  Folid  state. 
The  heat  in  all  these  instances  is  not  lost,  but  is  simply  rendered 
insensible  to  the  thennometer.  It  enters  into  the  constitution 
of  the  substance  in  question  without  i-aising  its  temperature. 
"When  the  process  is  reversed,  and  the  Fubstance  is  reconverted 
into  a  solid,  the  heat  which  has  been  rendered  insensible  is  again 
given  out,  and  th3  temperature  of  the  body  rises.  Consequently, 
whenever  a  Folid  is  converted  into  a  liquid,  there  is  an  immense 
absorption  of  heat,  accompanied  by  a  diminution  of  temperatui^ ; 
whenever  a  liquid  is  changed  into  a  solid,  there  is  an  immense 
evolution  of  heat,  accompanied  by  an  increase  of  temperature. 
Similar  variations  in  tempemture  are  effected  by  simple  change 
of  density,  without  any  such  change  in  state  as  to  produce  either 
liquefaction  or  solidiflcation.  Condense  any  substance,  and  its 
temperature  rises ;  expand  it,  and  its  temperature  smks. 

i44.  Solid  sabstances  nnder^oing'  liqnefactlon  can  never 
be  heated  above  their  point  of  insion,  nntil  the  whole  of  the 
Solid  is  melted.  When  a  solid  is  undergoing  liquefaction,  all 
the  heat  that  enters  it,  is  expended  in  producing  the  change  of 
state,  and  none  of  it  goes  to  raise  the  temperature  until  every 
panicle  of  the  soUd  has  melted.  Thus  we  have  seen  in  the 
case  of  melting  ice,  that  the  temperature  of  the  ice  can  not  bo 
raised  above  32°  until  the  last  particle  of  the  solid  has  disap- 
peared. In  the  Fame  way,  if  a  mass  of  tin  have  its  tempera- 
ture raised  to  442°  it  will  then  begin  to  melt,  and  its  tempera- 
ture can  be  raised  no  higher  until  the  last  particle  of  tin  be 
melted,  after  which  the  temperature  will  rise  as  usual.  In 
like  manner  lead  will  begin  to  liquefy  at  594°,  and  notwith- 
standing the  constant  addition  of  heat,  its  temperature  will  not 
rise  above  594°  until  its  fusion  is  complete.  The  same  is  true 
of  beeswax ;  it  can  not  be  raised  above  its  melting  point,  how- 
ever great  the  heat  applied,  so  long  as  any  wax  remains  im- 
melted ;  and  even  in  the  ca^^e  of  iron,  which  melts  at  278G°, 
notwithstandinj;  the  intense  heat  of  the  furnace,  it  can  not  be 
raised  above  this  point  so  long  as  any  solid  iron  remains,  because 

l8  tt  the  8ain«  tn  amount  for  all  bodies?  What  is  the  effoct  of  Uque(kctIoD  upon  sur- 
.Toundinff  temperature?  What  Li  the  eQlect  of  mlldiflcatlnn  upon  temperature?  Wfukt 
Is  the  effect  of  change  of  density  upon  temperature  ?—14i.  Wl^y  caQ  not  aolida  undw- 
going  Uque&ctioQ  be  heated  above  the  meltuig  point? 
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Fig.  58. 


all  the  heat  that  enters  it,  however  great,  is  entirely  expended 
in  producing  liquefaction,  and  none  at  all  goes  towards  the  ele- 
vation of  temperature. 

145.  The  Beat  absorbed  in  Llqaefactien  given  ont  in  So- 
lidification. The  heat  thus  absorbed  in  liquefaction  is  given  out 
and  rendered  sensible  again  when  the  liquid  returns  to  a  solid  state. 
This  may  be  shown  by  immersing  a  ves- 
sel of  water  at  60°,  containing  a  ther- 
mometer, in  a  freezing  mixture  of  ice 
and  saU,  at  0°.  The  thermometer  will 
immediately  suik,  and  contuiue  to  do 
so,  until  it  reaches  32°,  when  it  will 
suddenly  stop ;  and  though  the  freezing 
mixture  is  at  0°,  the  water  in  the  vessel 
persists  in  remaining  at  32°,  and  at  the 
same  time  slowly  freezes.  It  loses 
heat  at  the  same  rate  after  it  readied 
32°  a?  it  did  before ;  why  does  not  its 
temperature  sink  ?  manifestly  becau-e 
tha  water  in  freezing  is  giving  out  the 
140°  of  heat  which  it  had  absorbed  in 
liquefying,  and  this  it  is  which  keeps 
tip  its  temperature :  Fig,  53.  The  same  fact  may  be  proved  by 
another  experimen^  If  water  be  kept  undisturbed  it  may  be 
cooled  to  12°  or  20°  below  its  freezing  point,  32°,  without  congeal- 
ing, but  upon  the  least  agitation  a  small  portion  is  made  to  solidify, 
ani  the  heat  given  forth  by  this  small  portion  in  passing  from 
the  liquid  to  the  solid  state,  is  sufficient  to  raise  the  temperature 
of  the  whole  mass  of  the  water  fi-om  12°  to  32°.  Melted  phos- 
phorus, acetic  acid,  and  sulphuric  acid,  also  admit  of  being  <  oo!ed 
down  several  degrees  below  their  points  of  solidification,  but  iP^ 
touched  or  agitated  they  immediately  solidify  with  the  evolution 
of  heat.  The  solidification  of  metallic  bodies  is  attended  wiih 
like  results ;  a  liquid  aMoy  of  potassium  and  sodium  may  be 
formed  by  pressing  together  the  two  metals,  which  at  common 
temperatures  are  quite  soft ;  if  a  drop  of  mercury  be  added  to 
thcjm  they  instantly  solidify,  and  in  doin:^  po  emit  heat  enough  to 
set  fire  to  the  naphtha  which  is  used  to  protect  them  from  the  air. 
The  freezing  of  water,  and  solidification  in  general,  under  all  cir- 
cumstances, strange  as  it  may  appear,  is  attended  with  the  evo- 


HmU  qf  liquffcwtion  given  omt 
in  BoUtiification, 


146.  Show  that  the  heat  abmrbAd  in  liqupfiiction  in  gfTen  ont  again  in  solldtflcation. 
Kxplain  th«  rifle  of  tmnpemtnre  in  water  at  12o,  when  it  in  froien.  Kxptain  the  combiu- 
tioa  produced  when  an  allo;^  of  wKlium  and  potassium  t«  mixed  with  mercuxy. 
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lulion  of  heat,  and  ia  a  warmiii*^  pitw 
cess.  When  a  pound  of  water  U  frozeiXf 
.  sufficient  heat  is  given  out  to  raise  an* 
other  pound  of  water  fixwn  32°  to  172**, 
and  to  import  to  it  140°  of  heat- 
If  a  ton  of  water  be  fix>xen,  the  same 
fact  is  true ;  the  heat  given  out  is  suf- 
ficient to  raise  another -ton  of  water 
from  32°  to  172°,  or  to  heat  140  tons 
of  water  1*.  A  simihir  extrieation 
of  heat  occurs  in  a'l  ca«es  of  solidi- 
fication. The  precipitation  of  mat- 
ter in  a  solid  form  from  a  state  of 
solution  always  pnx^uces  heat.  Make 
a  saturated  solution  a[  sulphate  of  ^a, 
■  wm^mm  orGlaiibers  salt,  in  warm  water  at  00°, 

V  and  set  it  aside  imtil  it  cools,  having 

I  first  tightly  corked  it ;  on  shakuig  the 

■  bottle,  the  solution  will  suddenly  crys- 

I  tallize,  and  its  temperature  rii$e  sev? 
H  end  degrees,  as  fIiowu  by  the  ther* 

II  mometer.  If  we  piepare  a  saturated 
11  solution  of  acetate  of  soda  in  boiling 
H               water  and  allow  it  to  cool  without  agi^ 

^  _  |l  tation,  on  pouring  it  over  a  bulb,  the 

^Jj^^^^  beak  of  which  is  dip|>ed  beneath  the 

^m^^^^^^^R surface  of  water  in  a  bowl,  it  wil  im* 

out  heat  enough  to  drive  out  a  part 
of  the  air,  in  bubbles  throu^  the  water.  See  Fl(j.  54,  where  the 
water  occupies  a  portion  of  the  stem,  and  descends  rapidly  on 
the  application  of  the  solution. 

146.  Liquefaction,  by  whatever  cause  prodnced,  always 
attended  by  a  Radoctioii  of  Tenperatnro.  Liquefaction  pro- 
duces cold.  This  is  not  only  true  when  Folids  are  melted  by  the. 
application  of  heat,  but  in  every  cafe  in  which  solid  matter  is 
liquefied,  by  whatever  means.  Liquefaction  can  not  take  place 
without  the  absorption  of  a  large  amount  of  heat ;  consequently, 
if  we  can  effect  or  compel  liquefaction  without  the  direct 
application  of  heat,  a  strong  demand  for  heat  is  at  once  created,, 
which  must  be  satisfied  at  the  expense  of  the  heat  of  surround- 

146.  Wby  Is  UqiMfkctioo,  by  wfaatercr  caaae  produotd,  Almys  attended  b/  a  rtdoetioii. 
oCtempaatiw*? 
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mg  bodies,  and  their  temperature  consequently  sinks.  Now  we 
have  the  means  of  causing  bodies  to  liquefy  suddenly  by  cliemir 
eal  means,  without  the  application  of  heat ;  and  consequently  of 
producing  a  diminution  of  temperature  in  6urtx>unding  objects^ 
by  the  demand  for  heat  which  is  thus  created. 

147«  TrMzinir  BUztmroi.  On  this  principle  depends  the 
operation  of  what  are  called  freezing  mixtures.  One  of  the 
simplest  of  these  is  composed  of  ice  and  salt,  Wht:n  mixed, 
these  two  solids  combine  in  such  a  way  that  both  are  liquefied, 
heat  u  absorbed,  surrounding  temperature  sinks,  and  the  ther-^ 
mometer  speedily  falls  to  —  4°,  or  36°  below  the  freezing  point 
of  water.  Care  should  be  taken  that  no  heat  be  furnislied 
cither  by  the  vessel  in  which  the  hquefaction  takes  place, 
or  from  any  other  external  source  It  follows,  therefoi-e,  that 
the  heat  which  is  ab  orbed  must  be  supplied  by  the  substances 
themselves  which  compose  the  mixture,  and  which  must  suffer 
a  diminution  of  temperature  proportioned  to  the  quantity  of 
heat  thus  rendered  latent.  The  cold  produced  will  be  increasecl 
by  reducing  the  temperature  of  the  substaices  in  question,  be- 
fore mixing  them.  The  vessel  in  which  the  mixture  is  mad€i 
should  be  placed  in  a  larger  vessel,  abo  containing  some  of  the 
freezing  mixture,  lor  the  purpose  of  cutting  off  every  supply  of* 
beat  to  the  inner  vessel  from  tiie  outside.  The  solids  employed 
must  be  pulverized  so  as  to  dissolve  quickly,  and  if  salts, 
must  not  have  lost  their  water  of  crystallization,  or  have  become 
anhydrous.  There  are  freezing  mixtures  more  effective  than 
ice  and  salt.  Thus,  chlorohydric  acid  5  parts  by  we'ght,  and 
snow  or  ice,  8  parts,  will  sink  the  temperature  from  34°  to  —  21°. 
A^in,  if  equal  weights  of  snow  and  common  salt,  at  32',  be 
mixed,  they  will  liquefy,  anl  the  temperature  will  fall  to  —  9°. 
If  2  lbs.  of  chloride  of  calcium,  and  1  lb.  of  snow,  be  separately 
reduced  to  —  9°  in  this  liquid,  and  then  mixed,  they  will  liquefy, 
and  the  temperature  will  fall  to  —  74°.  If  4  lbs.  of  snow,  and 
5  Ib^.  of  sulphuric  acid,  be  reduced  to  —  74°  in  this  last  mix-» 
ture,  and  then  mixed,  they  will  liquefy,  and  the  temperature 
will  fa  1  to  —  90°.  Again,  if  1  lb.  of  snow  be  dissolved  m 
about  2  quarts  of  alcohol,  the  mixture  will  fall  nearly  to — 13°.- 
If  tlie  same  quantities  of  snow  and  alcohol,  after  beuig  reduced  in 
this  mixture  to. — 13°,  be  then  minified,  the  temperature  of  the. 
mixture  will  be  reduced  to  —  58°,  and  the  same  process  being 

147.  What  are  freedng  mixtures  ?    Explain  tlie  principle  od  mhkih  th^  depend.    aiT*> 
■ome  of  tbe  noet  imporcaot  freeilBg  mixturae. 
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repeated,  with  like  quantities  in  this  second  mixture,  a  further 
reduction  of  temperature  to  —  98°  may  be  effected,  and  so  on. 
The  lowest  known  temperatures  however,  have  been  produced 
by  liquefying,  and  then  evaporating  some  of  the  gases.  Tem- 
peratures  have  been  tlius  produced,  varying  from — 120°  F.  to 
—  220°.  At  such  temperatures,  mercury,  which  freezes  at  — 
40°  F.,  is  easily  solidified,  and  it  is  said  that  even  al:  ohol,  a 
liquid  which  has  hitherto  resisted  all  attempts  at  solidificat'on, 
has  been  reduced  to  the  consistency  of  oil  and  melted  wax. 
These  processes  will  be  described  hereafter.  The  extreme  cold 
thus  produced  will  perhaps  be  better  understood  by  comparison 
with  some  of  the  lowest  natural  temperatures.  The  severest 
natural  cold  ever  noted  was  in  Siberia,  lat  55  N.,  where  the 
thermometer  was  observed  to  indicate — 91 .75°  F.  At  Jakertsh, 
the  mean  temperature  of  the  month  of  December  is  —  44^°  F., 
and  it  has  been  known  as  low  as  —  58°.  In  the  expedhion  in 
Khiva,  in  December,  18o9,  the  Rus>ian  army  experienced  for 
several  successive  days  a  temperature  of — 41.8°  F. 

148>  The  flolntion  of  Ealts  and  Acids  in  Water  lowers  its 
Freezing  Point.  The  freezing  points  of  liquids  are  generally 
lowered  when  salts  are  di.»so!ved  in  them.  The  freezing  point 
of  pure  water  is  stationary  at  32° ;  but  sea  water,  which  con- 
tains several  different  salts  dissolved  in  it,  chiefly  common  saU, 
freezes  at  27.4°  F.,  the  salt  separating,  and  the  pure  water  float- 
ing in  the  form  of  ice ;  wh'lst  water  which  is  saturated  with  sea 
salt  sinks  as  low  as  —  4°  F.  before  freezing.  In  like  manner 
the  strong  acid^,  like  the  sulphuric  acid,  and  the  nitric,  will  very 
considerably  reduce  the  freezing  point  of  the  water  with  which 
they  are  mixed.  The  icebergs,  therefore,  which  float  in  the  sea, 
and  all  the  ice  formed  in  the  ocean  in  winter,  consist  of  per- 
fectly pure  water.  In  like  manner,  if  water  hold  in  solution  a 
small  quantity  of  alcohol,  and  be  frozen,  the  ice  will  be  found  to 
contain  no  admixture  of  alcohol,  but  to  fce  the  ice  of  perfectly 
pure  water.  This  method  is  sometimes  practiced  to  give  in- 
creased strength  to  weak  wines,  for,  as  the  water  freezes,  the 
remaining  liquid  becomes  proportionably  stronger.  In  the  pro- 
cess of  freezing,  as  it  goes  on  in  Nature,  solidification  does  not 
proceed  continuously,  but  the  ice  is  formed  in  successive  layei*s, 
and  in  the  intervals  between  these  layers  is  a  stratum  of  ice, 
slightly  more  fusible  than  the  mass  either  above  or  below. 

148.  What  Is  the  effect  upon  the  freestng  point  of  water  of  dismiying  Raits  in  it  ?  What 
effect  has  the  mixing  of  acids  with  water  upon  its  flreeidng  point?  What  is  the  eifect 
of  ftvezing  upon  salt  water  ?  What  is  the  eODOt  of  fireeaing  upon  water  coataii|Ung  alc<H 
bol  In  solution  7 
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149.  Sometimes  two  different  sabitances  mixed,  fnee  at  a 
tempera  tore  mnch   lower  than  either  separately. — Plnzes. 

Salt  may  be  said  to  be  a  flux  for  ice,  because  it  tends  to  liquefy 
the  ice  without  the  application  of  heat,  at  a  lower  tempei-alure 
than  it  would  melt  without;  in  the  same  manner  other  sub- 
stances, when  mixed,  often  tend  to  fuse  at  a  temperature  much 
lower  than  the  fusing  point  of  either  separately.  In  this  way 
many  very  infusible  substances  are  melted  by  minglinj;  wiih 
tiiem  other  bodies  with  which  they  tend  to  unite.  Silica,  the 
mo4t  important  constituent  in  glass,  is  not  fusible  by  any  lioat 
of  the  most  powerful  wind  furnace,  but  if  soda,  pota-h,  lime, 
and  lead,  be  mixed  with  it,  fusion  takes  place  very  readily  at  a 
comparatively  low  temperature.  These  substances  are  hence 
called  fluxes.  In  the  manufacture  of  porcelain,  fluxes  are  em- 
ployed; and  also  in  the  reduction  of  the  metals  from  their  oi*es. 
For  this  reason  iron  ore  is  always  mixed  with  lime  before  it  is 
subjected  to  the  action  of  the  blast  furnace.  In  the  case  of 
some  of  the  salts,  the  lowering  of  the  point  of  fusion  is  veiy 
extraordinary ;  thus  nitrate  of  potash  melts  at  642°  F.,  the  ni- 
trate of  soda  at  591°  F. ;  but  a  mixture  of  the  two,  in  equiva- 
lent proportions,  liquefies  as  low  as  429°,  or  162°  below  the 
melting  point  of  the  most  fusible  of  the  two  salts.  In  like 
manner  some  of  the  alloys  of  different  metals  will  of\en  melt  at 
much  lower  temperaturesthanany  of  the  metals  employed  sepa- 
rately. An  alloy  of  8  parts  of  bismuth,  5  of  lead,  and  3  of  tin, 
m  dts  at  a  temperature  bejbw  that  of  boiling  water,  and  mi  alloy 
of  496  parts  of  bismuth,  310  lead,  177  tin,  mid  26  mercury, 
ftnes  at  162.5°  F.  If  a  thin  strip  of  this  alloy  be  dipped  in:o 
water  that  is  nearly  boiling  hot,  it  will  melt  like  wax.  Some 
bodies,  like  water,  p^s  at  once  from  the  complete  solid  to  the 
complete  liquid  state  without  passing  through  any  intermediate 
condition ;  while  others,  like  wax,  tallow,  and  phosphorus,  be- 
come sofl  at  temperatures  much  lower  than  those  at  which  they 
are  liquefied ;  and  there  are  others,  like  glass  and  platinum, 
which  never,  under  any  circumstances,  attain  absolute  fluidity. 

150.  Refractory  substances.  Bodies,  whose  fusion  is  ex- 
ceedingly difficult,  or  which  resist  it  altogether,  are  called 
refractory.  No  substance  can  be  said  to  be  absolutely  in- 
fusible, except  carbon,  which,  under  all  its  forms,  of  pure  carbon, 

1^  What  are  flams?  How  may  nit  be  nald  to  bo  a  flux  fbr  ice?  DeflcHbe  the  u«e 
of  fluxes  in  the  making  of  glass  and  porceiJn.  What  \»  the  use  of  the  lime  employed 
In  the  smelting  of  iron?  How  does  the  melting  point  of  alloys  compare  with  that  of  the 
metalA  whteh  enter  into  them  ? — 150.  Wliat  are  refractory  subsUmceii  I 
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charcoal,  anthracite,  gra,phite,  and  diamond,  has  resisted  fusion 
at  the  highest  temperature  which  has  yet  been  produced.  There 
i .  reason  to  believe  that  even  carbon  may  yet  be  fused  by  lonir  sub- 
jection to  the  intense  heat  of  Ruhmkorff's  coll ;  §  4(j5.  Of  the 
metals,  platinum  is  the  most  infusible,  and  it  can  not  be  melted 
except  by  the  oxyhydrogen  blow-pipe,  an  instrument  to  be 
described  hereafter,  and  by  the  galvanic  current.  Wrouglit 
ii-on  is  also  extremely  difficult  of  fusion.  Among  the  most  re- 
fractory bodies  are  tlie  eaiths, — lime,  alumina,  baryta,  strontia. 
Some  compound  substances  can  not  be  melted,  because  decom- 
position takes  place  before  the  degree  of  heat  necessary  for 
fusion  has  been  attained.  Thus  marble,  ordinarily,  can  not  be 
melted,  because,  at  a  red  heat,  it  is  decomposed,  and  one  of  its 
constituents,  the  carbonic  acid  gas,  escapes ;  but  if  it  be  tightly 
confined  in  a  strong  gun-barrel,  so  that  nothing  can  escape,  and 
intense  heat  be  applied,  its  fusion  can  be  accomplished. 

151.  Facility  of  liqnefaction  proportioned  to  the  quantity 
of  latent  heat  required.  The  different  degi-ees  of  facility  wiih 
which  bodies  are  liquefied  depends  in  pai-t  upon  the  relative 
amounts  of  heat  which  are  rendered  latent  in  the  process.  Thus 
ice  liquefies  very  slowly,  because  the  latent  heat  required  is  very 
great,  water  containing  more  latent  heat,  or  heat  of  composition, 
than  any  other  known  substance.  Phosphorus  and  lead,  on  the 
other  hand,  whose  latent  heat  is  small,  melt  very  easily ;  ice  can 
not  be  liquefied  until  it  has  received  sufficient  heat  to  raise  an 
equal  weight  of  water  140®,  while  lead  and  phosphorus  ai-e 
melted  by  as  much  heat  as  would  raise  their  own  weight  of 
water  by  9°.  If  but  little  heat  is  absorbed,  and  becomes  latent, 
all  the  heat  that  enters  the  body  in  question  goes  at  once  towards 
its  liquefaction ;  whereas,  if  a  large  quantity  becomes  latent,  it 
i  >  obvious  that  but  a  small  amount  can  go  towards  the  liquefac- 
tion, and  the  rapidity  of  that  process  is  proportionably  retarded. 

152.  The  important  results  of  the  ahserpHon  of  Heat  in 
Liquefaction,  and  its  evolution  in  Solidification.  The  absorp- 
tion of  this  large  amount  of  heat  in  liquefaction,  and  the  pro- 
portional evolution  of  heat  in  solidification,  lead  to  two  most 
important  results:  1st.  The  solidification  of  large  bodies  of 
water  sets  free  an  amount  of  heat  previously  latent  in  the  water 
-which  is  of  the  greatest  value  in  mitigating  the  rigors  of  a  cold 

Which  i«  the  most  infiislble  of  nil  known  ^ub*itanre«  ?  Which  in  the  mojit  infurible  of 
the  metaUi 7— 151.  To  what  la  the  fecllltv  of  liquefnctlon  proportioned?  Give  illustra- 
tions of  this  in  the  case  of  water  and  phosphorus.— 152.  What  important  results  flow 
from  the  absorption  and  evolution  of  beat  in  liquefiiction  and  solidincation  ? 
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ell  mate.  Tlie  act  of  freezing  liberates  heat,  and  very  percepti- 
bly moderates  the  temperature  of  the  atmosphere.  As  soon  as 
ice  beji^ins  to  form  upon  the  surface  of  a  lake  in  winter,  the 
tempera' ure  of  the  atmosphere  is  immediately  elevated.  In 
the  severest  weather  of  winter,  if  a  snow  storm  occur,  the  air 
at  once  becomes  warmer  from  the  heat,  previously  latent  m  the 
watery  vapor,  now  given  forth  by  its  condensation  and  solidifi- 
ctition.  For  the  same  reason  water  is  often  placed  in  cellai-s 
for  the  purpose  of  preventing  fro^^t  by  the  heat  given  forth  by 
its  own  congelation.  2d.  The  large  amount  of  heat  required 
for  liquefaction  tends  to  make  the  melting  of  solids  s'ow 
and  gradual,  and  the  large  amount  of  heat  given  forth  in  solidi- 
fieation  tends  to  make  the  congelation  of  liquidii  equally  slo.v 
and  gradual.  A  check  is  thus  pkiced  upon  the  ra]>idity  of  both 
these  processes,  and  matter  is  prevented  from  suddenly  passing 
from  one  state  to  the  other  in  either  direction.  We  see  the  im- 
portance of  this  provison  in  the  impediment  which  is  thu-* 
placed  in  the  way  of  the  sudden  liquefaction  of  large  masses  of 
snow  and  ice  in  the  spring;  if  it  were  not  for  the  immense 
amount  of  heat  required,  and  which  can  not  readily  be  obtained, 
the  ice  and  snow  that  had  accumulated  during  a  long  winter 
would,  at  the  first  approach  of  mild  weather,  be  at  once  con- 
verted into  water,  and  sweep  away  not  only  the  works  of  man, 
but  also  those  of  Nature  herself, — :he  trees,  rocks,  and  hills. 
The  difficulty  of  suddenly  supplying  so  vast  an  amount  of  heat 
necessarily  makes  the  process  of  melting  very  gradual.  What 
would  be  the  consequences  if  there  were  no  sueh  provision  can 
be  ima:?ined  from  the  destructive  eifects  that  are  produced  in 
8  )ite  of  it,  by  the  melting  of  ice  and  snow  in  the  spring ;  if  the 
vast  body  of  water  which  i:?  produced  were  formed  in  the  couree 
of  a  single  day,  it  is  evident  that  every  thing  would  be  swept 
l><if;>re  it.  Occasion  illy  catastrophes  of  this  kind  do  occur,  when 
a  volcano,  su  h  as  Etna,  pours  forth  a  stream  of  lava  over  fields 
of  ice  and  snow ;  the  destruction  which  is  produced  by  the  tor- 
rents of  water  is  even  greater  than  that  of  the  lava  itself.  As 
we  advance  towards  the  north  the  transition  from  winter  to 
summer  is  very  rapid,  taking  place  almo-t  in  a  day,  and  it  is 
evident  that  the  beneficial  results  of  this  constitution  of  matter 
in  countries  where  the  masses  of  snow  and  ice  accumulated  in 
winter  are  immense,  muc^t  be  allogetlier  incalculable.     Again, 

What  eTeot  \»  pnviucetl  upon  the  temperature  of  the  nir  by  the  freezing  of  water  In  the 
autumn?  Whit  elect  is  pnxlucel  upon  the  rapidity  of  tlie  molting  of  snow  la  tiio 
spriiig  by  tliu  ubHorption  of  m  lorgu  an  umouut  of  heat? 
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when  in  the  autumn  large  masses  of  water  arc  frozen,  tlio  heat 
latent  in  the  liquid,  and  essential  to  its  liquidity,  is  given  forth, 
and  this  has  the  effect  of  elevating  the  temperature  of  the  re- 
maining water,  and  also  of  warming  the  atmosphere  in  contact 
with  it.  The  evolution  of  this  large  amount  of  heat  has  the 
effect  of  retarding  the  freezing  process,  and  limiting  its  effects. 
An  impediment  is  thus  placed  in  the  way  of  the  sudden  freez- 
ing of  large  bodies  of  water.  So  happily  adjusted  are  all  the 
arrangements  of  Nature  to  subserve  the  comfort  of  man,  and 
the  preservation  of  anunal  and  vegetable  life. 

153.  The  beneficial  effect!  of  all  the  laws  of  Nature,  and 
of  their  ezceptione  in  ipecial  cases.  All  animal  and  vegetable 
life  depends  upon  the  preservation  in  a  permanently  liquid  state 
of  vast  quantities  of  water.  To  secure  this  end,  the  freezing 
of  water  is  made  a  slow  process,  by  the  latent  heat  which  is 
given  forth  as  foon  as  it  begins  to  take  place.  A  £imilar  pro- 
vision, as  we  shall  see,  prevents  it  from  too  rapidly  evaporating. 
Both  these  arrangements  show  the  wisdom,  power  and  benefi- 
cence of  the  Most  High  most  empliatically  and  plainly,  as  in- 
deed do  all  the  laws  to  which  he  has  subjected  the  world  of 
matter.  But  especially  arc  these  attributes  shown  in  the  ex- 
ceptions which  he  has  made  to  his  own  laws,  when  their  regular 
operation  would  be  injurious  to  the  welfare  of  man.  These 
display  a  very  peculiar  and  refined  design  which  demands  our 
highest  admiration ;  and  perhaps  the  most  striking  of  the^^e  ex- 
ceptions is  shown  in  the  exemption  of  water  from  the  ordinary 
law  of  expansion  and  contraction,  when  its  execution  would  be 
injurious  to  man.  When  water  has  cooled  to  a  certain  point, 
the  ordinary  law  is  reversed,  the  warm  water  sinks,  and  the 
cold  water  floats  upon  the  surface.  In  what  powerful  language 
does  tliLs  suigle  fact  in  Nature  speak  to  every  religious  mind ! 

154.  The  discoverer  of  the  laws  of  Latent  neat.  It  is  to 
the  celebrated  Dr.  Joseph  Black,  Prof,  of  Chemistry  in  the 
Univei-sity  of  Edinburgh,  that  we  arc  indebted  for  the  greater 
part  of  our  knowledge  on  this  subject.  It  is  stated  that  an 
observation  of  Fahrenheit,  recorded  by  the  celebrated  Boer- 
haave,  "  that  water  would  become  considerably  colder  than  melt- 
ing snow  without  freezing,  and  would  freeze  in  a  moment,  if 
disturbed,  and  in  the  act  of  freezing  emit  many  degrees  of  heat," 

lo3.  TTow  Is  the  pemuuiently  liquid  state  of  large  amounts  of  water  secured  ?  \^liat 
apeci  .1  design  is  shown  by  the  peculiar  constitution  of  water  and  its  exception  ct  cer- 
tain temperatures,  to  the  law  of  expansion  ft>om  heat.— 154  ■  ^Vho  was  the  discoverer  of 
tae  Uws  of  Utent  heat?    What  dbvcted  his  attention  to  the  subject? 
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first  suggested  to  Dr.  Black  the  idea  that  the  heat  received  by 
ice  during  its  conversion  into  water  is  not  lost,  but  is  contiiined 
in  the  water.  He  instituted  a  careful  train  of  experiment:* 
which  fully  established  the  immense  absorption  of  heat  in  lique- 
faction and  vaporization,  and  its  corresponding  evolution  in  con- 
densation and  solidification.  These  experiments  may  be  fo  nid 
fully  detailed  in  his  own  words,  in  his  Lectures,  one  of  tlie  most 
instructive  and  interesting  works  on  chemistry  to  be  found  in 
our  language.  This  discovery  of  Dr.  Black  unfolded  the  true 
theory  of  the  steam  engine,  and  suggested  to  Mr.  Watt  many 
of  his  most  important  improvements. 

Eaprimantai    Eflbot*  of  Heat*— 1.1  inefaotloiu 

1.  Zflqtief action  That  heat  prodaces  UquefiictioQ  may  be  ihovn  by  heating  ice, 
]aad«  or  any  other  solid  easily  fusible. 

2.  That  liqueCiction  is  accompaaied  by  the  disappearance  of  a  large  amount  of  heat 
may  be  shown  by  heating  a  cup  filled  with  ice  at  0^,  and  containing  a  thermometer^  ovtx 
a  lamp.  Tae  tliinuometer  will  rise  to  32^  and  then  remain  stationary  until  all  tiie  ice 
hdfl  melted,  notwithstanding  it  has  been  reotiTing  heat  at  the  same  rate  all  the  time. 
Whit  h IS  become  of  i:  ?  Evidently  it  has  been  absorbed.  The  ice  may  be  reduced  to  0** 
by  Immersion  In  a  fieczing  mixture  of  ice  and  salt. 

3.  The  same  £tct  is  shown  by  dissolving  common  salt,  nitrate  of  potash,  nitrate  of 
ammonia,  cliloride  of  calcium,  and  in  genenl  all  the  salt:),  in  water,  and  noting  the  great 
diminution  of  temper  iture  which  results,  as  tested  by  the  thermometer. 

4.  Take  207  parts  of  lead.  118  of  tin,  284  of  bismuth,  melt  them  together  in  a  crucible, 
uid  -reducj  tliem  to  a  finely  cOvided  state  by  throwing  into  cold  water.  On  dissolving 
thii  a.loy  in  IJII  parts  of  mercury,  the  thermometer  will  sink  firom  64**  F.  to  14*^,  and 
water  may  be  fro^ia  by  the  process. 

6.  The  amount  of  heat  absorbed  in  the  melting  of  ice  may  be  shown  to  be  what 
woaid  heat  an  equal  weight  of  water  140^*,  by  pouiing  a  pound  cf  water  at  172^  upon  a 
piund  of  ice  at  'di^.    The  ice  will  be  melted  by  the  heat  of  tlio  hot  water,  but  the  tcm- 

{i;;raturc  of  the  \rhole  mixture  at  the  conclusion  of  the  experiment  will  bo  only  S2^,  i.  c., 
4  <°  of  neat  will  h  ive  disappeared  and  been  ab8orbcd. 

6.  The  same  f  ict  is  shown  by  the  experiment  described  on  page  114.  Two  glass  beak- 
ern  one  containing  a  pound  of  ice  at  32^^,  the  other  a  pound  of  %ratcr  at  82^,  each  having 
a  the.'mometer  su^rpended  in  it,  with  the  bulb  a  Uttlo  distance  below  the  rarftce.  are 
plare  1  in  a  shallow  tin  pan  kept  boiling  by  a  lamp.  They  receive  heat  at  the  same  ratet, 
and  the  temperature  of  the  water  ^nsea,  while  that  of  t!ie  ice  remains  stationary  at  32^1 
By  the  time  the  water  has  reached  172*^,  or  received  140^  of  heat,  tbe  ice,  which  has  m- 
eeived  joiit  a^  much,  will  only  have  melted,  and  the  temperature  of  the  vessel  containing 
It  wiU  still  be  only  82<>.    See  Ff^  62. 

7.  Solidifloatlon  produoea  Heat.  Potaseiam  and  Sodium  pressed  together 
in  a  mortar  produce  a  liquid  alloy;  add  mercury,  and  this  liquid  becomes  a  solid, 
and  heat  enough  is  set  f.«e  to  inflame  the  naphtha  adhering  to  the  potaasium. 

8.  To  a  strong  solution  of  chloride  of  calcium  or  muriate  of  Ume,  add  a  drop  or  two 
of  sulphuric  acid ;  a  solid  results,  and  much  heat  is  produced. 

9.  \^ater  and  quirk  lime  mixed,  solidify  with  the  production  of  much  heat.  If  phos- 
phorus in  a  watch  glass  be  placed  upon  the  mixture  it  will  be  inflamed,  and  water  in  a 
test  tube  may  be  boiled. 

10  Plice  a  small  jir  of  water  at  60^  or  70**,  and  containing  a  tliermometer,  within 
'  a  larger  Jar.  and  let  the  space  between  them  be  filled  with  a  freezing  mixture  of  snow 
and  salt  at  a  temperature  of  0°,  as  shown  by  a  second  thermometer.  The  water  in 
the  Inner  vessel  will  stendily  sink  in  temperature,  until  its  thermometer  indicates  32^ 
but  at  this  degme  it  will  remuin  stationi^ry ,  though  the  mixture  around  it  is  at  0**.  or  32* 
lo  .v.«r ;  the  water  at  the  Mune  time  will  slowly  freeze.  Hliy  is  this  ?  It  is  maaifesUy 
owing  to  the  heat  (i,1ven  out  in  the  solidification  of  the  water.    See  Fig  &d. 

1 1.  DisDolve  sulphate  ofsoia  in  water  at  91^  F.  until  the  water  refhses  to  take  up  any 
more  of  the  salt  j  cork  the  bottle  containing  the  saturated  idutiOQ  ti^^tly  and  aet  u 
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aside  to  cool.  The  bottle  Rhonld  be  entirely  full  and  be  permitted  to  stand  rery  quietlr. 
If  it  be  agitated,  the  bottie  will  become  pereeptlbly  warm  to  tlie  hand  fh>m  the  rapid 
erystaiUzation  and  twliditication  of  itd  liquid  coutonts.  if  shaldug  the  bottie  be  not  suf- 
ficient to  produce  cr>8taUi;eation,  extract  the  cork  and  drop  in  a  bit  of  sticli  or  a  RUiall 
crystal. 

1 4,  Prepare  a  saturated  solution  of  acvtate  of  soda,  and  when  cold  pour  it  over  the 
bulb  of  an  air  thenuouieter.  The  air  wU  immediately  expand,  showing  the  crolution  of 
beat. 

1  i.  Fr<»«slnff  Mlztarev.  1.  To  sulphate  of  soda.  8  ounces,  add  5  ounces,  by 
weight,  of  chlorohydtic  or  muriatic  acid.    Temperature  will  sink  from  50**  to  0**. 

2.  To  20  ounces  by  weight  of  a  mixture  of  equal  parts  of  sulphuric  acid  and  water, 
previously  mingled  and  cooled,  add  30  ounces  of  snow  or  pounded  ice ;  temperature  vilj 
•ink  from  32f>  to  —23^. 

3.  To  sulphate  of  soda,  10  os..  add  8  fluid  oi.  of  a  mixture  of  equal  parts  of  sulphurio 
add  and  water,  cooled :  temperature  will  sink  from  60^  to  3^. 

4   DI:«olTe  powdered  sal  ammoniac  in  water  and  note  the  diminution  of  temperature. 

6-  Dismlve  nitrate  of  ammonia  in  water ;  temperature  will  idnk  from  60**  to  4i^ 
6   DtssolTe  a  mixture  of  eiiual  parts  of  sal  ammoniac  and  nitre  in  water. 

7-  Common  salt,  1  part  by  weight ;  snow  or  pounded  ice,  2  parts ;  temperature  will 
siuk  to  —6^. 

8.  Common  mlt,  5  parts  by  weight ;  nitrate  of  ammonia,  5  parts ;  snow  or  ice,  12  parts ; 
temperature  will  sink  to  —25^. 

9.  (  hloroh>drlc  acid,  5  parts  by  wd^t;  snow  or  Ice,  8  parts;  tonperature  will  sink 
tnm  32y  to  —27'*. 

10  Chloro  hydric  add,  5  parts,  poured  upon  8  parts  of  sulphate  of  soda,  will  reduce 
temperature  from  {iO^  to  0*>. 

11.  Crystallised  chloride  of  calcium,  and  2  parts  of  snow,  will  reduce  temperature  to 
—40®,  and  freeze  mercury. 

12.  If  the  chloride,  in  the  last  experiment,  be  cooled  to  82^,  the  mixture  will  cause  a 
thermometer  to  £U1  to  — 00®» 


S  IV.— Effect!  of  Beatr-Vaporisatio]!.— Ebullition. 

155.  Vaporization.  It  has  been  seen  that  the  first  effect  of 
heat  is,  to  separate  the  particles  of  bodies  from  each  other,  and  at 
the  same  time  to  elevafe  their  temperature;  that  then,  as  the  heat 
accumukites,  the  force  of  cohesion  is  weakened  to  such  a  degree 
as  to  admit  of  the  easy  movement  of  the  particle."^  upon  each  other, 
and  the  solid  becomes  a  liquid ;  and  that  this  takes  place  without 
any  elevation  of  temperature.  If  the  heat  be  still  further  in- 
creased a  third  and  final  effect  is  produced.  In  the  ca.-e  of  gome 
substances  the  particles  are  pushed  so  far  from  each  other  as  to 
acquire  unlimited  freedom  of  motion,  and  the  substance  passes 
info  the  state  of  an  invisible  gas,  or  vapor,  resembling  the  at- 
mosphere. This  process  is  called  vapor izati an.  There  are 
some  substances,  such  as  ice,  arsenic,  hiulphur,  camphor,  which 
can  yield  vapor  without  passing  through  the  intermediate  stale 
of  liquidity;  but  in  general  all  solid  bodies  are  first  liquefied,  and 
then  by  a  further  ap))lication  of  heat,  are  converted  into  vapors. 

156.  What  i^  the  first  effect  of  heat  on  solids?  What  is  the  second?  Tf  the  hert  Ve 
pwsbed  beyond  the  degree  required  for  llquefection,  what  results?  HTiat  is  Tapori»> 
tion?    Do  aU  eoUds,  in  ntporiiing,  past  through  the  state  of  liquefiKUon? 
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156.  The  phydeal  properties  of  Vapors.  Vapors  are  traoQ- 
parent  and  colorless,  like  the  gases ;  though  there  is  a  small 
number  of  colored  liquids  which  produce  colored  vapors.  In 
general,  they  possess  the  same  physical  properties  as  gases ;  the 
chief  difference  between  them  is,  that  a  vapor  is  readily  con- 
densed into  a  liquid  by  a  diminution  of  temperature,  while  a 
gas  remains  in  the  aeriform  state  at  all  common  temperatures. 
The  effect  of  pressure  upon  vapor  is  the  same  as  upon  gases, 
provided  they  are  not  condensed  by  it,  i.  e.,  the  volume  which 
they  occupy  is  inversely  as  the  pressure.  Double  the  pressure 
and  the  volume  is  reduced  one  half.  The  expansion  of  vapors  by 
heat  is  also  the  same  as  that  of  gases,  i.  e.,  for  every  degree  of  heat 
added  to  them  they  expand  ^|-^  of  the  bulk  which  they  occupy 
at  32°.  This  law  does  not  hold  good  unless  the  quantity  of  the 
vapor  heated  remains  the  same,  and  does  not  apply  to  cases 
where  fresh  portions  of  vapor  are  continually  rising  from  the 
liquid  by  which  they  are  pi-oduced ;  but  when  there  is  no  ad- 
dition made  to  the  quantity  of  the  vapor,  then  they  expand  just 
as  an  equal  volume  of  air  would  do,  and  thereby  exert  a  certain 
amount  of  mechanical  force.  It  is  always  to  be  bonie  in  mind 
that  a  vapor,  unless  it  be  colored,  is  as  invisible  as  the  atmos- 
phere, and  that  its  particles  are  so  far  removed  from  each  other 
as  to  oppose  no  obstacle  to  the  passage  of  light 

157.  Difference  between  Evaporation  and  Eballition. 
Vapor  is  rising  at  all  times,  and  at  all  temperatures,  fi-ora  the 
surface  of  liquids,  but  the  higher  the  temperature,  in  geneitd, 
the  more  rapid  the  process.  When  it  goes  on  quietly  and  slowly, 
at  natural  temperatures,  from  the  suriface  of  liquids,  it  is  called 
evaporation ;  but  when,  by  the  application  of  a  large  amount 
of  heat,  vapor  is  formed  so  rapidly  at  the  bottom  of  a  vessel  as 
to  produce  violent  agitation  in  the  liquid,  it  is  called  hoiling^  or 
ebullition.  The  subject  therefore  naturally  resolves  itself  into 
two  parts,  evaporation  and  ebullition ;  we  will  consider  the  lat- 
ter first. 

158.  Ebnllition.  EbuUition,  or  the  rapid  and  violent  for- 
mation of  vapor,  takes  place  in  different  liquids  at  different 
temperatures ;  but  in  the  same  liquid,  under  the  same  circum- 
stances, always  at  the  same  temperature ;  and  this  l<*  called  its 
boiling  point     Thus,  pure  water  boils  at  212°  F.,  alcohol  at 

166  State  tho  physical  propertieii  of  vapori.  What  Is  the  difference  between  a  rapor 
and  a  gfaa?  What  arc  the  effects  of  pressure  on  vapors  and  ga^ics  ?  Of  heat?  Are  v;v- 
pors  always  invisible?— 167.  State  the  difference  Ijetween  evaporation  and  ebulliUon.—- 
168.  Define  ebuiUtion.  In  the  boiling  point  of  the  Kuue  liquid  aivTays  constaat?  Stato 
the  boiling  points  of  water.    Sulphuric  otlier.    Mercury,  &c. 
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Fig.  54. 


175°,  Bulphuric  ether  at  96°,  sulphuric  acid  at  620°,  turpentine 
at31G°,  mercury  at  602°. 

159.   Absorption  and  disappearance  of  a  large  amonnt  of 
heat  dnrinff  Bbnllition.     The  most  important  fact  connected 
with  this  process  is,  that  it  is  attended  by  the  absorption  of  an 
enoimous  amount  of  heat,  which  be- 
comes insensible  to  the  thermometer, 
just  as  in   the  case  of  liquefaction. 
Tlie  fact  of  this  absorption  may  be 
proved  by  the  following  experiment: 
K  we  half  fill  a  flask,  Fig,  54,  with 
pure  water  at  62',  suspend  a  ther- 
mometer in  it,  and  place  it  over  a  lamp 
or  fire,  the  thermometer  will  steadily 
rise  until  the  water  reaches  the  tem- 
perature of  212°.     It  will  then  cease 
rising  and  continue  permanently  at  this 
point  until  the  water  is  all  boikd  away. 
Suppose  at  the  commencement  of  the 
experiment  that  the  water  was  at  t)2°, 
and  that  it  ro^e  to  212°,  the  boiling 
point,  in  six  minutes.     It  gained  then, 
in  these  six  minutes,  150°  of  heat,  or 
25°  each  minute.    This  is  the  rate  per 
minute  at  which  heat  entei-ed  the  water.     The  time  occupied 
by  the  water  in  boiling  entirely  away  was  forty  minutes.     As 
it  was  receiving  heat  at  the  rate  of  25°  per  minute,  and  was 
forty  minutes  in  boiling  away,  it  is  quite  evident  that  in  the 
process  it  must  have  received  1000°  of  heat ;  yet  the  thennome- 
tcr  during  the  whole  time  did  not  rise  above  212°.     "What  then 
has  become  of  this  1000°  of  heat?^  It  has  evidently  entered 
into  the  steam  and  become  latent,  or  insensible  to  the  thermome- 
ter.    It  has  been  ascertained  by  the  pyrometer,  (§  137,)  that 
red  heat  takes  place  at  980°.     Consequently,  an  amount  of  heat 
has  been  imparted  to  the  water  w^hich,  if  it  had  been  a  solid 
substance,  like  iron,  would  have  heated  it  red-hot ;  and  yet  the 
water  has  indicated  only  the  temperature  of  212°!     This  sim- 
ple experiment  furnishes  satisfactory  proof  that  in  the  process 
of  vaporization  a  vast  amount  of  heat  is  absorbed  and  becomes 

159.  What  Is  the  most  important  fact  connected  with  ebullition  ?  How  may  this  be 
proved'  How  much  heat  is  absorbed  or  mode  latent  in  the  boiling  of  water?  How 
much  mon«  time  1«  requirtHl  to  convert  a  given  weight  of  water  into  steam,  than  to 
heat  it  from  32°  to  2120? 


Heat  aJbsorbtd  in  Boiling, 
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latent  and  insensible  to  the  tbermometer,  that  it  requires  from 
5.^  to  6  times  as  much  time  to  convert  any  given  quantity 
of  water  into  steam,  as  it  does  to  raise  the  same  water  from  32° 
to  212°,  or  heat  it  180°,  and  consequently  that  5^  or  6  times  as 
much  heat  is  absorbed  in  the  conversion  of  water  into  steam  as 
is  necessary  to  raise  it  from  32°  to  212°  or  heat  it  by  180°,  i.  e.,» 
about  1000°.  I 

169  Tho  keat  absorbed  in  Vaporizatio]i  given  out  in  Con- 
deniation.  The  heat  thus  made  latent  in  the  oonver.*<ion  of  a 
liquid  into  a  vapor,  is  again  given  out  and  made  sensible  when 
the  vapor  i3  condensed  and  re-converted  into  a  liquid.  Tliis 
may  be  proved  by  the  following  experiment,  Fig.  55.  Let  a 
be  a  strong  copper  vessel,  having  a  brass  tube  bent  twice  at 

Fig.  65. 


HuU  given  out  in  CondenMotion  qf  Steam. 

right  angles  connected  with  it,  and  dipping  beneath  the  surface 
of  water,  of  the  temperature  of  32°  in  the  glass  cup,^  At 
d  there  is  a  thermometer  for  measuring  the  temperature  of  the 
water ;  c  is  a  stop-code  opening  into  the  air ;  b  another  stop- 
cock commanding  the  entrance  to  the  tube.  A  powerful  lamp 
is  placed  beneath,  and  the  water  in  a  made  to  boil ;  c  is  then 
closed,  and  b  opened.  The  steam  rushes  into  the  cold  water  in 
fj  and  is  condensed  by  it,  until  this  also  has  reached  the  tem- 
perature of  212°.  The  water  in  f  will  then  begin  to  boil,  and 
the  steam  commence  rising  into  the  air.     The  amount  of  cold 


180.  Ts  thto  hedt  annihilated?    Can  it  be  obtained  again  hj  condensation?    How  If 
this  pcoved  ?    How  much  latent  facat  is  given  out  in  the  ooodensation  of  steam  ? 

6* 
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water,  at  32°,  contained  in /"at  the  beginning  of  the  experiment 
was  11  cubic  inches;  at  the  conclnsion  of  tlie  experiment  the 
amount  of  water  has  been  increased  to  13  cubic  inches,  at  tem- 
perature of  212°.  It  has  increased  in  volume  by  two  cubic 
inches,  and  has  done  so  by  the  condensation  of  steam,  at  tem- 
perature of  212°,  from  the  copper  boiler.  The  latent  heat, 
therefore,  contained  in  two  cubic  inches  of  water  in  the  form  of 
steam,  of  the  temperature  of  212°,  has  raised  the  11  cubic 
inches  in  the  glass  cup  from  32°  to  212°.  The  amount  of  heat, 
therefore,  latent  in  two  cubic  inches  of  water  at  212°,  in  the 
form  of  steam,  is  suiRcient  to  raise  the  temperature  of  a  volume 
of  water  in  the  liquid  state,  5^  times  greater  than  itself,  from 
32°  to  212°,  i.  e.,  by  180°.  Consequendy,  the  sum  of  the  heat 
given  out  by  the  condensation  of  this  amount  of  steam  is  equal 
to  180X5.^=990°.  The  raising  the  temperature  by  180°,  of 
an  amount  of  water  5^  times  greater  than  the  amount  which 
has  been  condensed,  is  the  same  thing  as  raising  the  temperature 
of  an  amount  of  water  equal  to  that  which  has  been  condensed 
by  5^  times  180° =990°;  from  which  we  see  very  plainly  that 
the  amount  of  latent  heat  given  forth  in  the  condensation  of 
steam,  and  its  reconversion  into  a  liquid,  is  equal  to  the  amount 
of  latent  heat  absorbed  when  water  is  converted  into  vapor, 
i.  e.,  about  1000°  in  each  case.  These  important  facts  were 
first  demonstrated  by  Dr.  Black,  shortly  after  his  discovery  of 
the  heat  made  latent  in  the  process  of  liquefaction,  and  a  full 
account  of  it  may  be  found  in  the  1st  volume  of  Dr.  Black's 
Le  tures,  already  referred  to. 

151.  The  amount  of  heat  absorbed  it  not  the  tame  for  all 
Vapori.  Equal  weights  of  different  liquids  I'equire  very  differ- 
ent amounts  of  hitent  heat  to  convert  them  into  vapor.  Thus, 
while  water  absorbs  and  renders  latent  1000°  of  heat,  ammonia 
absorbs  830°,  alcohol  386°,  ether  162°,  turpentine  133°.  The 
amount  of  heat  which  is  rendered  latent  in  each  case  may  be  de- 
termined by  distill'ng  over  a  given  weight  of  the  I'quid,  and  con- 
densing it  in  a  large  volume  of  water,  the  temperature  of  which  is 
noted  at  the  beginning  of  the  experiment,  and  also  at  its  close ; 
Fig.  56.  The  liquid  to  be  tried  is  placed  in  the  flask  a,  the 
neck  of  which  is  connected  with  a  glass  receiver,  B,  furnished 
with  a  spiral  condensing  tube  terminating  at  D ;  this  receiver  is 
placed  in  a  ves-el  c,  with  a  considerable  quantity  of  water,  the 
weight  of  which  has  been  accurately  derermined.     The  liquid 

l^n.  In  the  Amount  of  heat  mode  latent  the  same  for  all  T^jKirs?     How  may  Udi 
amount  bo  determined  for  each  ? 
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Fig.  66. 


DtUrmination  of  the  Latent  Htat  of  Vapors. 


in  A  is  distilled  over  into 
B  ;  the  quantity  that 
condenses  is  carefully 
weighed,  and  the  ri.<e  of 
temperature  experienced 
by  the  water  used  for  con- 
densation is  estimated  by 
a  thermometer,  t.  The 
whole  is  enclosed  in  an 
outer  tin  plate  vessel,  and 
is  still  further  protected 
from  the  radiation  of  the 
lamp  by  the  tin  plate 
screen  r.  s  is  a  glass 
rod  for  agitating  the 
water.  A  pint  of  water 
converted  into  steam  will, 
on  condensation,  raise  the 
temperature  of  10  pints 
99°  and  a  fraction.  A 
gallon  of  water  converted 
into  steam,  at  212°,  and 
then  conden  ?ed,  will  raise  5'  gallons  of  water  from  32°  to  212°, 
or  180°.  It  requires,  therefore,  5^  times  as  much  water  at  32° 
to  condense  steam,  as  the  water  from  which  the  steam  was  origin- 
ally formed.  If  the  condensing  water  be  not  s-o  cold  as  32°,  a 
larger  quantity  of  it  will  be  needed.  By  careful  experiments 
of  this  kind  the  latent  heat  of  all  vapors  may  be  determined. 

162.  Boiling  Point  variable— Inflnanced  by  the  presinre 
of  the  Atmosphere.  The  boiling  point  of  the  same  liquid  is  not 
to  be  considered  perfectly  constant;  it  depends  upon  circum- 
stances, the  most  important  of  which  is  the  pressure  of  the 
atmosphere  upon  its  surface.  This  pressure  is  equal  to  15  lbs. 
(see  §  9,)  upon  every  square  inch  ;  it  operates  upon 
liquids,  as  well  as  solids,  and  its  effect  is  to  keep  the  par- 
ticles of  liquid  down,  and  prevent  them  from  passino:  into  the 
vaporous  state ;  this  it  does  by  the  comprefsion  which  it  exer- 
cises and  it  amounts  to  the  same  thing  as  adding  just  so  much 
to  the  cohesion  existing  in  the  liquid,  tending  to  keep  its  parti- 
cles together.  This  additional  cohesion  can  only  be  counterac'ed 
by  heat,  and  no  liquid  can  boil  until  it  has  acquired  heat  enough 

I'S    Tn  thp  hoillnsr  point  ever  affected  hv  rirrnmstanccs  ?    What  if>  the  effect  of  a  varia* 
tion  in  the  atuionpheric  prexsure  ?    Explain  thin. 
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to  overcome  this  pressure  of  the  atmosphere.  The  elasticity 
of  the  vapor,  or  its  tendency  to  expand,  must  be  equal  to  tlie 
force  which  tends  to  prevent  it  from  expanding ;  in  all  ra5(  s 
where  a  liquid  boils  in  the  open  air,  the  elasticity  of  the  vapor, 
and  the  pressure  of  the  atnio-phere,  exactly  ba'ance  each  other. 
Now  if  he  piessure  of  the  atmosphere  be  diminished,  the  elastic 
ibrce  required  to  balance  it  will  be  diminished  a^o ;  and  a-^  this 
depends  upon  the  temperature,  the  heat  required  will  he  less. 
Con.  equently,  if  the  atmospheric  pressure  be  diminished,  boiling 
will  take  place  at  a  lower  temperature ;  if,  on  the  other  hand, 
the  atmospheric  pressure  be  increased,  more  elastic  force  must 
be  possessed  by  the  vapor  before  it  can  rise,  and  this  it  can  not 
have  without  additional  heat ;  boiling,  therefore,  must  take  place 
at  a  higher  temperature.  This  can  readily  be  shown  by  experi- 
ment. Remove  the  pressure  from  warm 
Fig.  67.  water  by  means  of  the  air  pump,  and  it  will 

^^^  boil  at  the   temperature  of  70^,  Fig.  57. 

X^^^^Y  Sulphuric  ether,  in  a  vacuum,  will  boil  at 

*^^^   ■  — 46°,  or  140°  lower  than  in  the  open  air, 

at  a  temperature  such  that  water  will  easily 
freeze  in  contact  with  it,  as  may  be  proved 
by  experiment.  As  we  ascend  in  the  at- 
mosphere the  pressure  of  the  air  diminishes, 
consequently  the  boiling  point  is  lowered. 
So  regularly  does  this  decline  take  place 
that  it  affords  a  measure  of  height.  A  fall 
VTater  Boiling  at  i(p,  of  1°  F.  indicates  an  elevation  of  596  feet. 
On  the  contrary,  at  the  bottom  of  mines  the 
boiling  point  is  raised  in  consequence  of  the  increase  of  the  at- 
mospheric pressure.  At  the  Hospital  of  St.  Bernard,  on  the 
Alps,  about  8,400  feet  above  the  sea,  water  boils  at  196°;  on 
the  top  of  Mount  Blanc,  at  184°.  In  consequence  of  this  low 
temperature,  it  has  been  found  difficult  to  cook  food  by  boiling 
at  these  high  points,  as  the  solvent  power  of  water,  and  its  ( fli- 
cacy  in  cooking  meats  and  vegetables,  depends  upon  its  tempera- 
ture. This  difficulty  has  been  obv'ated  by  the  use  of  Papin's 
Digester,  an  instrument  to  be  described  hereafter.  It  is  evident, 
from  this,  that  it  is  necessary  to  take  the  height  of  the  barome- 
ter into  the  account  in  all  experiments  upon  the  boiling  joints 

What  id  the  effect  of  removing  the  atmoepheric  nreware  altogether?  What  i«  the 
effect  of  elevation  in  the  air  upon  the  hoiling  point?  What  prartioal  difllcnity  resiiU'i 
from  thin?  What  is  the  TOiiation  of  tbt-  boiling  point  within  the  ordinary  range  of  the 
barometer  f 
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<f£  liquids.  A  variation  of  one-tenth  of  an  inch  makes  a  differ- 
ence of  more  than  -^^  F.,  so  tliat,  within  the  ordinary  range 
of  the  barometer,  the  boiling  point  of  water  may  vary  5°. 

163.  Wollaston's  Hypsomotar.  It  has  been  stated  tiiat  the 
lowering  of  the  boiling  point,  in  proportion  to  the  elevation 
above  the  level  of  the  sea,  is  made  use  of  as  a  means  of  meas- 
uring the  height  of  mountains.  It  is  only  necessary  to  note 
the  temperature  of  water  boiling  at  the  ba^e  of  the  mountain, 
and  then  at  the  point  of  elevation.  (1°  F.  b  equivalent  to  596 
feet  in  height.)  An  instrument  for  taking  these  observations 
successfully,  was  invented  by  Archdeacon  Wollaston,  arranged 
in  such  a  way  that  a  1 000th  part  of  a  degree  of  the  thermome- 
ter might  be  read  upon  the  scale,  and  so  delicate  was  it  that  the 
effect  produced  upon  the  boiling  point  by  the  height  of  an  ordi- 
nary table  could  readily  be  ascertained. 

16ft.  Influence  of  adhesion  on  the  boiling'  point  Adhesion 
of  the  liquid  to  the  surface  of  the  vessel  has  a  decided  effect 
u;)on  the  boiling  point;  and  as  the  degree  of  adhesion  depends 
upon  the  substance  employed,  the  material  of  which  the  vessel 
i^  made  has  some  effect  upon  the  boiling  point.  Thus  water 
so:netimes  boils  at  214"^  in  a  glass  vessel,  but  falls  to  212°  if  a 
few  iron  filings  be  dropped  in ;  this  was  first  noticed  by  Gay 
Lussac.  If  the  inside  of  a  vessel  be  varnished,  the  boiling  will 
sometimes  not  take  place  short  of  221®,  and  then  will  proceed 
iiTegularly,  the  temperature  fiUlhig  to  212°,  at  every  occurrence 
of  boiling.  The  presence  of  a  little  oil  upon  the  surface  of  a 
liquid  also  elevaies  the  boiling  point.  Afer  sulphuric  ac'd  has 
been  boiled  in  a  glass  flask,  the  boiling  point  is  said  to  be  ele- 
vated five  or  six  degrees.  In  all  these  cases  the  effect  is  due 
to  the  atti*action  of  adhesion  exerted  by  the  surface  in  question 
upon  the  water,  which  tends  to  retain  it  in  the  liquid  stale,  and 
this  can  only  be  overcome  by  an  addition  to  the  temperature. 
It  takes  place  with  other  liquids,  as  well  as  water,  and  with  somvi 
of  them  to  a  much  greater  extent  Though  the  temperature 
of  the  boiling  water  may  be  thus  elevated,  the  temperature  of 
the  vapor  formed  is  always  at  212°,  or  at  whatever  point  the 
atmo  pheric  pres-ure  at  the  time  may  require.  As  a  general 
rule,  however,  the  temperature  of  the  liquid  boiling,  and  tlie 
vapor  formed,  are  exactly  the  same. 

165.   The  Air  dissolved  in  Water  favors  its  Ebnllltion. 


163.  Despribff  Wollastoa't  H3rp«>ineter.— 1<H.  What  lii  the  effect  of  adhesion  on  the 
boiling  point?  Give  Mine  Ulustratione.— 165  What  fffect  has  the  air  dinolTed  la 
water  upon  its  boiUng?    If  air  be  entirely  expelled  tcosa  water,  wliat  resulU7 
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Water  possesses  the  power  of  dissolving  air.  This  may  he 
proved  by  heating  water  in  a  flask,  over  a  spirit  lamp,  when  the 
air  may  be  seen  to  separate  from  the  water  in  the  form  of 
bubbles,  and  rise  to  the  surface.  These  bubbles  of  air 
furnish,  as  it  were,  an  avenue  of  escape  to  the  steam ;  and  at 
the  same  time,  the  presence  of  so  large  an  amount  of  aeriform 
matter  tends  to  diminish  the  cohesion  of  the  particles  of  water, 
and  to  &cilitate  the  separation  that  is  necessary  to  enable  them 
to  assurne  the  state  of  vapor.  If  the  air  be  expelled  from  water 
by  long  continued  boiling,  it  may  be  heated  in  an  open  glass 
vessel  to  the  temperature  of  860°,  without  boiling.  The  heat 
thus  collected  in  the  water  causes  it  to  flash  into  h^team  almost 
in<tantaneoujily,  with  a  loud  report,  when  it  does  boil,  and  the  ves- 
sel is  generally  broken;  the  tem|)erature  of  the  vaforfoimed  is 
only  212°,  and  that  of  the  water  immediately  sinks  to  the  same 
point.  It  is  extremely  difficult  to  expel  all  the  air  from  water 
boiling  in  vacuo  for  some  time  will  not  effect  it.  If  water,  how- 
ever, be  slowly  frozen,  the  air  is  entirely  expelled,  and  if  a  lump 
of  this  ice  be  immersed  in  heated  oil,  or  tui*pentine,  fo  as  to  melt 
without  coming  into  contact  with  the  air,  it  may  be  heated  to 
many  degrees  above  212°  without  boiling,  and  will  then  suddenly 
be  converted  into  vapor  with  great  violence.  Liquids  which  con- 
tain but  little  air,  and  which  require  but  IJttle  latent  heat  to 
pass  into  vapor,  such  as  alcohol,  ether,  and  sulphuric  ae'd,  boil 
with  great  irregularity,  and  with  sudden  bui^sts,  instead  of  wiih 
the  regularity  and  steadiness  of  water. 

166.  SohdB  dissolved  in  a  Liquid  elevate  its  Boiling  Point. 
The  boiling  point  of  a  liquid  is  not  changed  by  the  proence  of 
foreign  bodies,  which  are  mechanically  diffused  through  it  like 
sand  or  mud  in  water ;  but  it  is  changed  by  all  eubstances  which 
are  capable  of  forming  a  true  solution  with  it.  Thus  rosins 
dbsolved  in  alcohol,  retard  its  toiling ;  salts  dissolved  in  water, 
elevate  the  boiling  point;  acids  the  same;  alcohol  seems  to 
lower  it.  This  is  owing  to  the  attraction  of  adhesion,  exerted 
by  the  substances  in  question,  which  tends  to  bind  the  particles 
of  water  closely  to  itself,  and  to  prevent  them  from  escaping. 
A  saturated  solution  of  common  salt  boils  at  227° ;  of  nitre,  at 
240° ;  sal  ammoniac,  at  238°  ;  chloride  of  calcium,  355°. 

167.  Increase  of  Pressure  elevates  the  Boiling*  Point  r- 
Diminished  Pressure  lowers  it.    If  water  be  boiled  in  a  close 

What  Is  the  effect  of  Introdcirtnfr  ice  into  heated  oil  of  turpentine  ?—F6.  What  effipct 
hM  the  solution  of  soliilji  in  a  liquid  upon  the  billing  point?— 167.  What  is  the  effect 
of  increased  pressure  on  the  boiling  point  ? 
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vessel,  the  steam  collecting  in  the  npper  part  soon  presses  on 
the  surface  of  the  water  with  so  much  force  sa  to  put  an  entire 
stop  to  the  whole  process  of  ebullition,  and  it  will  not  recom- 
mence until  the  water  has  been  heated  considerably  above  ^12*^. 
This  may  be  shown  by  boilnig  water  in  a  strong  glass  flask,  pro- 
vided with  a  stop-cock,  and  having  a  thermometer  immer.-cd  in 
the  fluid.  Tlie  slop-cock  being  open,  the  water  will  boil  at 
212° ;  but  if  the  stop-cock  be  closed,  in  a  few  minutes  the  boil- 
ing will  be  seen  to  cease,  so  that  there  will  be  no  agitation  of 
the  surface,  and  it  will  not  recommence  until  the  thermometer 
has  risen  several  degrees.  If,  then,  at  this  moment,  the  stop- 
cock  be  opened,  the  steam   will   rush  out,  pressure   will  be 


Fig.  68. 


removed,  boiling  will  recommence  with 
great  violence,  and  the  thermometer  im- 
mediately sink  to  212° ;  Fig.  58.  It  is 
quite  evident  from  this  experiment  that 
increase  of  pressui-e  elevates  the  boiling 
point.  If  the  spring  safety  valve  screwed 
upon  the  stop-cock  be  removed,  and  air 
be  fon'ed  into  the  flask,  the  stop-cock 
then  closed,  and  the  fla-k  placed  over  a 
spirit  lamp,  a  longer  time  will  be  requin-d 
than  before  for  the  water  to  boil,  and  it 
will  not  do  so  until  the  thermometer  has 
risen  considei-ably  above  212°,  depending 
upon  the  amount  of  air  forced  in;  this 
aL*o  pix)ve3  the  effect  of  increased  pres- 
sure in  elevating  the  l)oiling  point.  On 
the  contmiy,  if  a  flexible  tube  be  attached 
to  this  fla?k,  and  the  air  be  exhausted  by 
the  air  pump,  the  water  will  boil  at  a 
temperature  lower  than  212°,  because 
the  natural  pressure  of  the  atmosphere 
is  removed  from  it- 

168.  Eleva^n  of  tha  boiling  point 
indicatoi  Increaso  of  Pressnre.  This 
principle  is  very  sati-  factorily  illustrated 
in  the  apparatus  of  Dr.  Marcet,  repre- 
sented in  Fig,  59.  b  is  a  strong  iron  p:^ol>e,  about  half  filled 
with  water,  and  having  mercury  at  the  bottom  to  the  depth  of 


Steam  Flask. 


Describe  the  stenin  flajik.  -IflS-  now  may  Inereaic  of  pressure  be  Inferred  ftrom  Um 
•levrntioa  of  tlie  boilinf  point? 
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Fig.  69. 


30  in. 


about  an  inch ;  <  is  a  thermometer  screwed  steam  tight  iftto  the 
globe  and  graduated  as  high  as  500°.  It  indicates  the  tempera- 
ture of  the  steam  in  the  upper  part  of  the  globe ;  <?  is  a  stop- 
cock,  which  can  be  opened  or  shut  at  pleasure ;  a  is  a  long  and 
strong  tube,  graduated  into  inches  and  parts  of  an  inch,  open 
at  both  ends,  and  the  lower  extremity  dipping  beneath  the  level 
of  the  mercury.  The  water  is  made  to  boil  vigorously  by  the 
ilame  of  the  lamp,  and  the  stop-cock  being  open  and  steam 
escaping,  the  thermometer  will  indicate  the  temperature  of 
212°,  and  the  mercury  remain  stationary  at  the  foot  of  the  tube. 
The  pressure  of  the  steam  at  this  moment,  in  the  interior  of  the 
apparatus  is  sufficient  to  drive  out  all  the  air,  and  amounts  to  15  lbs. 
upon  every  square  inch.  If  the  stop- 
cock be  now  closed,  the  steam,  having 
no  avenue  of  escape,  begins  to  collect 
in  the  top  of  the  globe,  and  to  react  upon 
the  water.  The  pressure  thus  created 
puts  a  stc^  to  the  boiling  of  the  water. 
The  heat  proceeding  from  the  lamp  is 
no  longer  wanted  in  order  to  become 
latent  in  the  vapor,  there  being  no  vapc  r 
formed ;  the  temperature  of  the  whole 
apparatus  rises,  and  the  thermometer 
every  moment  indicates  a  temperature 
steadily  increasing  above  2 1 2°.  At  the 
same  time  the  increased  pressure  causes 
the  mercury  to  rise  in  the  tube,  a,  and 
it  at  length  makes  its  appearance  above 
the  globe,  so  as  to  be  plainly  seen.  As 
the  temperature  rises  higher  and  higher, 
the  mercury  in  a  advances  steadily  up- 
wards, indicating  the  gradual  inci*ease  of 
the  pressure  in  the  interior  of  the  boiler. 
When  the  mercury  has  reached  the 
height  of  30  inches,  it  is  an  indication 
that  the  pressure  in  the  interior  of  the 
boiler  is  now  two  atmospheres,  or  twi  c 
15  lbs.  to  the  square  inch,  i.  e.,  3 J 
lbs.  ;  and  if  the  thermometer  be 
noted  at  this  moment  it  will  be  found  to 
MarcfCs  Apparatus.  staud  at  250°.     When  the  thermometer 


Dcflcrihe  Mairet's  zpparatun.    What  rcducUon  must  be  made  upon  the  actual  pn 
tto  iu  crdor  to  calcuUto  too  oxplosivo  foxc«  t 
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4ias  reached  '275°  the  mercury  will  have  risen  60  inches  in  the 
tube,  and  the  press;;re  will  l>e  45  lbs.  to  the  square  inch;  when 
it  lias  attained  294°,  the  mercury  in  the  tube  will  have  ascended  90 
inche-,  and  the  pressure  will  have  increased  to  four  atmo  pJieres, 
or  C )  lbs.  to  tlie  square  inch.  As  temperature  rises,  pressure 
stead Jy  increases,  because  with  every  addition  of  heat  the 
greater  the  tendency  of  the  water  to  flash  into  steam,  and  eventu- 
ally the  globe  will  be  burst  by  the  process.  If  now,  under 
these  c!rcumsranees,  the  stop-cock  be  suddenly  opened,  the 
pressure  will  be  removed  fix>m  the  surface  of  the  water,  a  large 
quantity  will  flash  into  steam,  absorbing  an  immense  amount 
of  heat,  and  the  mercury  in  t!ie  thermo.neter  w  11  immediately 
sink  to  212°.  It  is  evident,  therefore,  that  the  temperature  of 
the  steam  in  a  boiler  is  a  sure  exponent  of  the  amount  of  the 
pressure  in  the  in  tenor. 

Tiie  pressures  just  given  are  the  actual  pressures  produced  by 
the  elastic  force  of  the  vapor,  but  as  ihe  atmosphere  presses  u\xn\ 
the  outside  of  the  plobe  with  a  force  of  15  lbs.  to  the  square  inch, 
the  pressure  tending  to  burst  the  globe  is  found  by  ded  ic:ing 
ihii  amount  from  ihe  actual  |>i*essure,  and  cous.q  jently  250°  of 
the  thermometer  is  said  to  indicate  a  pressure  of  15  lbs.,  275^  a 
pressure  of  30  lbs.,  294°  a  pi\  ssure  of  45  lbs.  to  the  square  inch. 
The  sudden  failing  of  the  thermometer  to  212°  on  opening  the 
Bt6p-cock  is  ex^)latned  by  the  immense  absorption  of  heat  conse- 
quent upon  tlie  rapid  passage  of  so  much  watt  r  from  the  liquid  to 
the  aeriform  state.  That  it  is  not  owing  to  the  escape  of  the  stc  am, 
but  to  its  formation,  might  be  shown  by  discharging  the  stejim 
intofi,  c'o-:-ed  ve>s:l,  heated  to  2 1 2°,  from  whi  h 
Fig.  60.  TkonQ  of  it  cou'd  escape.     At  the  close  of  the 

experiment  the  steam  in  the  closed  vessel 
would  be  found  to  be  only  at  the  temperature 
of  212°.  The  water  in  the  boiler  has  then 
lost  heat,  but  nothing  else  has  been  apparently 
heated  by  it.  The  diminution  of  temperature 
is  due,  therefoi*e,  to  the  sudden  pas-age  of  a 
qiian:ity  of  water  into  the  state  of  vapor,  by 
which  a  large  amount  of  heat  has  been  made 
latent  and  become  insensible  to  the  ther- 
m  >meter. 

_^ 1C9.    The    Culinary    Psiradoz.     Water 

Culinary  Pura  lox.      made  to  boil  by  the  application  of  Cold.    We 

160.  Deicribc  the  culinary  paradox,  and  explain  it. 
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have  seen  that  boiling  has  been ,  made  to  cease  in  the  steam 
flask;  Fig,  58,  by  closing  the  stop-cock.  It  can  be  made  to  re- 
commence by  the  application  of  cold  water.  The  effect  of  the 
cold  water  is  to  condense  the  steam  in  the  upper  part  of  the 
flusk;  consequently  there  is  a  vacuum  formed;  pressure  is 
removed  from  the  surface  of  the  water,  and  it  will  recommence 
boiling  with  great  violence.  If,  at  the  moment  when  the  water 
first  begins  to  bull  again,  the  stop-cock  be  opened,  the  air  will 
rash  in  with  a  hissing  nol  e,  showing  conclusively  the  existence 
of  the  vacuum.  This  experiment  may  be  performed  with  an 
ord  nary  glass  flask.  Boil  a  little  water,  and  when  the  steam  is 
escaping,  cork  it  tightly ;  take  it  from  the  lamp  and  pour  cold 
water  over  the  upper  part ;  the  boiling  will  recommence  and 
proceed  with  vigor ;  apply  hot  water,  and  it  will  again  cea?e. 
liemove  the  cork  beneath  the  water  and  the  inverted  flask  will 
be  at  once  filled,  showing  the  formation  of  a  vacuum  by  the 
condensation  of  the  steam.     Fig.  60. 

170.  Expansion  of  Liquids  in  paraing  into  Vapor,— atpe- 
cially  water,  in  iorminsr. Steam.  Vapors  occupy  more  space 
than  the  liquids  fmm  which  they  are  pro- 
duced. Water,  at  its  point  of  greatest  densi- 
ty, viz.,  39.5°,  expands  in  p&^^sing  into  vapor, 
1696  times,  or  in  round  numbers,  1700  times; 
i.  e.,  a  cubic  inch  of  water  makes  about  a 
cubic  foot  of  steam.  Alcohol  expands  493 
times ;  ether,  212  times.  The  amount  of  this 
exi)an.*ion  in  the  case  of  water  may  be  readily 
shown  by  the  apparatus  represented  in  Fig. 
61.  The  cylinder,  ft,  is  fitted  with  a  steam- 
tight  piston,  a  p.  The  weight  of  the  piston 
is  accurately  balanced  by  means  of  the  weight, 
Wy  so  that  it  will  remain  stationary  in  any 
po>ition  in  the  cylinder  in  which  it  may  be 
placed,  without  tending  to  move  up  or  do\Vn, 
and  exerting  no  pressure  upon  anything 
placed  below  it.  Now  let  a  very  small 
quantity  of  water  be  introduced  into  the 
cylinder  below  the  piston,  and  the  heat  of 
a  lamp  applied.  The  temperature  of  the 
Ezpantion  of  Water.    Water  Will  Steadily  rise  to  212°,  after  whicU 

170.  What  \^  theexpnn^ion  which  different  liqnidA  underRo  in  Taporizing?  How  may 
ttj»  be  proved  in  the  cam  ot  water!  If  water  be  boiled  below  212^  wliat  ellecl  liM 
tU«  OD  expatuiou? 
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it  will  remain  stationarj,  and  an  invisible  vapor  or  gas  will  be 
formed,  and  the  piston  gradually  rL<e.  This  process  will  go  on 
until  the  whole  of  the  water  has  been  converted  into  steam. 
On  measuring  the  space  occupied  by  the  steam  and  comparng 
it  with  the  space  occupied  by  the  water  at  the  commencement 
of  the  experiment,  it  will  be  foimd  to  be  1696  times  greater; 
in  other  words,  the  water,  in  passing  into  vapor,  has  expanded 
1696,  or  nearly  1700  times;  and  as  a  cubic  foot  contains  1728 
cubic  inchej^,  we  may  say  in  round  numbers,  that  a  cubic  inch 
of  water  wi!l  make  a  cubic  foot  of  steam.  This  expansion 
takes  place  against  the  pressure  of  the  atmosphere,  (the  piston 
lifting  the  atmospheric  column  as  it  rises)  which  amounts  to 
15  ll».  on  every  square  inch.  If  this  pressure  were  diminished 
the  water  would  expand  more  than  1700  times  in  passing  i.to 
steam ;  if  it  were  increased,  it  would  expand  less.  In  genera!, 
however,  as  the  average  pressure  of  the  atmosphere  is  about 
15  lbs.  to  the  square  inch,  we  conclude  that  water,  pa«>sing  into 
the  state  of  steam,  in  the  open  air,  expands  1700  times.  If 
water  be  boiled  at  a  tempemture  lower  than  212'  the  expans'on 
which  it  undergoes  in  passing  into  vapor  will  be  proportionably 
increased;  thus,  if  it  be  made  to  bo*l  at  77°,  one  cubic  inch  wi:l 
expand  into  23,090  cubic  inches  of  vapor ;  if  it  boil  at  68°,  it  will 
expand  into  58,224  cubic  inches.  This  expansion  of  water,  in 
pacing  in'o  steam,  is  one  of  the  moving  forces  in  the  steam 
eng'ne,  and  the  efficient  working  of  this  exti-aoixlinary  machine 
depends  upon  this  simple  fact. 

171.  Osndontation  mf  Steam  or  its  reconventon  into 
Water,  by  decrease  of  temperature.  One  of  the  mo  t  remark- 
able properties  of  steam  is  its  ready  condensation  into  water, 
occupying  1700  times  less  space  than  itself  as  soon  as  its  tem- 
perature is  reducttd  below  212°.  Thus,  if  in'o  the  cylinder,  repre- 
sented in  Fig.  61,  in  which  the  piston  has  been  driven  up  by 
the  conversion  of  the  water  into  steam,  a  httle  co'd  water  at 
32°  be  introJu3ed  beneath  the  piston,  the  steam  will  be  instantly 
condensed  into  water,  occupying  1700  times  less  spare  than  the 
vapor;  a  vacuum  will  consequently  be  ibmed  beneath  the  pis- 
ton, and  as  the  cylinder  is  open  to  the  air  at  the  top,  the  press- 
ure of  the  atmosphere  will  drive  the  piston  down  wiih  a  force 
of  15  lbs.  to  every  square  inch.  If  the  pis:o;i  pos.-ess  an 
area  of  one  square  foot  the  atmospheric  pressure  will  be  ob- 

171.  How  may  steam  readny  be  reconverted  into  water  ?  What  effect  Is  produced  upon 
the  steam  In  a  steam  cylinder  by  li:^ecting  cold  water  ?  What  force  is  brought  ioto  pl^y 
Igr  this  oondeoeatioQ  ? 
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tamed  by  multiplying  144,  the  number  of  square  Inches  in  thij 
area,  by  15  =«  2 1 60  lbs. ;  in  other  words,  the  atmospheric  pressure, 
in  thii  case,  will  be  almost  one  ton.  The  completeness  of  the 
vacuum,  and  the  degree  of  atmospheric  pressure,  will  depend 
upon  the  temperature  of  the  condensing  water ;  if  it  be  not  so 
cold  as  82°  the  vapor  will  not  be  entirely  condensed,  the  vacuum 
not  FO  perfect,  and  the  atmospheric  pressure  proportionably  di- 
minished. Hence  we  have  a  second  force,  brought  into  play  by 
the  vacuum  created  bj  condensed  steam.  Both  these  forces, 
the  expansion  of  water  in  vaporization,  and  the  atmospheric 
pressure,  arc  employed  in  the  condensing  steam  engine. 

YiS'Q^'  172.   WoUaston'8  Steam  Bulb.    Both 

these  forces  arc  admirably  illustrated  by 
a  little  instrument  represented  in  Fig^. 
62.  It  consists  of  a  .metallic  bulb,  sur- 
mounted by  a  cylinder  of  the  same,  into 
which  a  steam-tight  pi>ton  is  fitted.  The 
bulb  should  be  lialf  filled  with  water  and 
held  over  a  lamp.  When  the  water 
boils  it  expands,  in  passing  into  steam, 
1700  times,  and  drives  the  ])is!on  up. 
Now  remove  the  lamp  and  dip  the  bulb 
into  cold  water;  immediately  the  (team 
is  condensed,  a  vacuum  is  formed,  the 
pressure  of  the  atmosphere  is  brought 
into  action,  and  the  piston  is  driven  down 
with  very  considerable  force.  In  the 
steam  engine  this  double  proce  s  is  re- 
peated alternately  on  each  side  of  the 
piston  for  e\ery  stroke.  The  great  im- 
provement of  Mr,  Watt,  in  the  steam  en- 
g'ne,  consisted  in  condensing  tlie  steam 
in  a  condenser,  separated  from  the  cylin- 
der, 90  as  to  avoid  the  necessity  of  cooling  the  cylinder  below 
212°,  or  the  boiling  point  of  water,  for  every  stroke  of  the  pis- 
ton. 

173.  The  Steam  Engrina.  This  wonderful  machine  was  per- 
fected by  Mr.  James  Watt,  of  Gla-gow,  in  Scotland,  about  the 
year  17 65.  His  great  improvement  consisted  in  the  condensa- 
tion of  the  steam  in  a  vessel  appropriated  exclusively  to  this 
purpose,  called  the  condenser.     He  was  thus  led  to  notice  the 

172.  DeKribe  WolUwton's  steam  bulb.    What  two  Ibrcea  does  it  iUuBtnte?— 178.  WIm 
inTenfe«d  the  steam  engine? 


WoUaston's  Steam  Bulb. 
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immense  absorption  of  heat  which  takes  place  when  water  is 
converted  into  steam,  and  its  evolution  again  when  the  steam  is 
condensed  into  water, — a  subject  which  had  been  previously 
investigated  by  Dr.  Black,  who  was  at  that  time  Prof,  of  Medi- 
cine and  Lecturer  on  Chemistry  in  the  University  of  Glasgow, 
and  an  intimate  friend  of  Mr.  Watt  The  following  is  the  ac- 
count given  by  Dr.  Black  of  the  successive  steps  in  the  im- 
provement of  the  steam  engine:  "About  that  time  Mr.  Watt 
came  to  settle  in  Glasgow,  a^  a  maker  of  mathematical  instru- 
ments ;  but  being  molested  by  some  of  the  corporations,  who 
considered  him  as  ah  intruder  on  their  privileges,  the  Univei'sity 
protected  him  by  giving  him  a  shop  within  their  precincts,  and 
by  conferring  on  him  the  title  of  ^Matliematical  Instrument 
Maker  to  the  University.'  I  soon  had  occasion  to  employ  him 
to  make  some  things  which  I  needed  for  my  experiments,  a::d 
fi>und  him  to  be  a  young  man  possessing  most  uncommon  tal^ 
ents  for  mechanical  knowledge  and  practice,  with  an  originality, 
readiness,  and  copiousness  of  invention,  which  often  surprised 
and  delighted  me  in  our  fi-equent  conversations  together.  A 
few  years  after  he  was  settled  at  Glasgow,  he  was  employed 
by  the  Professors  of  Natural  Philosophy  to  examine  and  rectify 
a  small  model  of  a  steam  engine  which  was  out  of  (M^er.  This 
turned  a  part  of  his  tlioughts  and  fertile  invention  to  the  nature 
and  improvement  of  steam  engines,  to  the  perfection  of  their 
machinery,  and  to  the  different  means  by  which  their  great  con- 
sumption of  fuel  might  be  diminished.  He  soon  acquired  such 
a  knowledge  on  this  subject  that  he  was  employed  to  plan  a!id 
erect  several  engines,  in  different  places,  while  at  the  same  time 
be  was  frequently  making  new  experiments  to  lessen  the  waste 
of  heat  from  the  external  surface  of  the  boiler,  and  from  thnt 
of  the  cylinder.  But  aHer  he  had  been  thus  employed  a  con- 
siderable time  he  perceived  that  by  far  the  greatest  waste  of 
heat  proceeded  from  the  waste  of  steam  in  filling  the  cylinder. 
In  filling  the  cylinder  with  steam,  for  every  stroke  of  the  com- 
mon engine  a  great  part  of  the  steam  is  chilled  and  condensed 
by  the  coldness  of  the  cylinder  before  this  last  is  heated  enough 
to  qualify  it  for  being  filled  with  elastic  vapor,  or  perfect  steam ; 
he  perceived,  therefore,  that  by  preventing  this  waste  of  steam, 
an  incomparably  greater  saving  of  heat  and  fuel  would  be  at- 
tained than  by  any  other  contrivance.  It  was  thus  that,  in  the 
beginning  of  the  year  1765,  the  fortunate  thought  occurred  to 

'  Give  tlM  history  of  Iti  Imptoremenl. 
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him  of  conden-ing  the  steam  bj  cold,  in  a  reparate  vesFel,  or 
apparatus,  between  which  and  ihe  cylinder  a  conimuiJcatiori 
was  to  be  opened  for  that  purpose  every  time  the  steam  was  to 
be  condensed,  while  tlie  cylinder  itself  might  be  preserved  per- 
petually hot,  no  cold  water  or  air  being  ever  admitted  into  its 
cavity."  Such  is  Dr.  Biack*s  account  of  the  invention  of  the 
steam  engine.  It  was  soon  brought,  by  Mr.  Watt,  to  the  high- 
est degree  of  perfection,  so  as  to  leave  hardly  anything  to  be 
d  sired,  either  in  regard  to  its  principles,  or  mechanical  detaiK 
The  model, alluded  to  by  Dr.  Black  is  still  preserved  in  the 
Cabi^Qt  of  Sthe  University  of  Glasgow. 

.  .^  i^l  Two  forms  of  tho  Steam  Enifina.  There  are  two 
'.forms  of  it,  differing  essentially  from  each  other,  viz.,  the  con- 
den  ing  and  non-condensing  engine.  In  the  former,  loth  the 
two  forces  described  above,  viz.,  the  expansive  force  of  steam, 
and  the  pressure  of  the  atmosphere  brought  into  play  by  hs 
condensation,  are  employed;  hence  this  is  called  the  con- 
densing engine,  or,  the  low-pressure  engine.  In  the  latter,  only 
one  of  the  two  forces  described,  viz.,  the  expansive  force  of 
steam,  is  employed;  and  as. only  this  one  force  is  used,  it  is 
necessary,  in  order  to  obtain  an  equal  effect,  to  make  use  of 
steam  possessing  an  expansive  power  of  at  lca*^t  15  lbs.  to 
the  square  inch  greater  than  in  the  condensing  engine ;  conse- 
quently this  is  called  the  non-condensing,  or  high-pressure  en- 
gine. 

175.  Condaniing'  and  Non-condensing'  Engines.     The  dif- 
ference between  the  two  forms  of  the  steam  engine  is  indicated 
in  Fig,  63.     In  1,  the  piston  having  been  driven  down  by  the 
steam,  is  rising  again  by  the  pre-sure  of  a  fresh  supply  from  the 
boiler  through  the  pipe,  b.     The  steam  that  drove  it  down  is  , 
issuing  through  the  stop-cock  at  the  top,  which  is  open  for  its  . 
escape,  into  the  air,  and  it  is  very  evident  that  the  piston  in  ris- 
ing is  acting  against  the  pressure  of  the  atmosphere,  and  has  to 
lifl  a  column  of  air  of  the  same  area  with  itself,  extending  to  ^ 
the  upper  limit  of  the  atmo.^phere,  and  pressing  with  a  weight  of 
15  lb3.  upon  every  square  inch;  all  of  which  the  steam  be'ow 
the  pbton  is  obliged  to  raise.     In  order  to  raise  this  immense 
weight,  amounting  to  nearly  2200  lbs.  to  the  square  foot,  the 
steam  must  be  of  high  pressure ;  and  as  it  is  also  let  off  into  the 
air  and  escapes  after  having  done  its  work  in  driving  the  piston, 

174.  What  are  the  ttro  forms  of  the  atcnm  enffine  ?  State  the  difference  between  them. 
—175.  Decciibe  Fig.  68,  sLowin:;  the  difference  between  the  condensing  and  non-oon- 
^ffmdng  engine. 
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without  being  condensed,  this  form  of  the  steam  engine  has  re- 
ceived the  name  of  the  High-pressure  and  Non-conden  iug  en- 
gine. In  2,  the  piston  having  been  driven  down  by  the  force  of 
the  steam,  is  ascending  by  the  pressure  of  a  fresh  .supply  from 


Principle  of  yon-condensing  and  Condensing  Steam  Engines. 

the  boiler  through  the  tube  b.  The  steam  that  drove  it  down, 
however,  instead  of  escaping  through  the  stop-cock  c,  which  is 
closed,  passe B  through  the  stop-cock  o,  into  an  adjo'ning  vessel, 
c,  called  the  condenser,  where  it  comes  into  contact  with  a 
stream  of  cold  water,  by  which  it  is  immediately  condensed  into 
a  quantity  of  water  1700  times  le-s  than  itself,  and  a  vacuum 
at  once  created.  As  soon  as  this  takes  place,  the  steam  still 
remaining  in  the  cylinder,  rushes  through  o,  into  the  condenser, 
where  it  is  also  at  once  condensed ;  thus  the  process  goes  on, 
until  a  vacuum,  more  or  less  perfect,  depending  upon  the  cold- 
ness of  the  condenser,  is  produced,  not  only  in  the  condenser, 
but  also  extending  into  the  cylinder.  There  being,  therefore,  a 
vacuum  in  the  upper  part  of  the  cylinder,  it  is  evident  that  the 
piston  has  no  atmospheric  column  to  lift,  pressing  with  15 
Ib^.  to  the  square  inch,  and  it  need  not,  therefore,  possess 
as  much  expansive  force  by  exactly  this  amount:  hence  its 
name  of  Condensing  and  Low-pressure. 

176.  The  Steam  Engine  in  its  most  complete  form.  In 
the  steam  engine,  in  its  complete  form,  there  is  an  arrangement 
by  which  the  steam  from  the  boiler  can  be  supplied  to  both 
Bides  of  the  piston  alternately,  and  then,  having  doue  its  work, 

176.  Describe  the  condensing  steam  engine  in  its  most  complete  fimn.    Show  how  tht 
ptston  is  made  to  work  in  a  yacuum. 
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Fig.  64.    . 


The  Condensing  Steam  Engine. 

be  discharged  from  both  sides  alternately  in*o  the  condenser. 
In  Fig.  63,  the  discharge  pipes  into  the  condenser  are  seen  at 
o  and  c.  Consequently  there  is  always  a  vaciuim  in  the  cyl- 
inder, extending  into  it  from  the  condenser,  on  that  side  of  the 
piston  oppo<:ite  to  that  on  which  the  steam  from  the  boiler  is 
pressing;  so  that,  in  movinp:  in  both  directions,  the  pison  is 
working  in  a  vacuum,  and  the  pressure  of  the  atmosphere  is 
altogether  taken  oflT.  This  constitutes  the  most  perfect  form  of 
the  steam  engine,  and  is  represented  in  Fig.  64.  a  represents 
the  cylinder,  having  a  portion  of  one  side  removed  to  show  the 
interior.  •»  is  the  pipe,  through  which  steam  enters  from  the 
boiler,  u  is  the  pipe  conveying  the  steam  fi-om  the  cylinder  to 
o,  which  is  the  condenaer.     Here  it  is  condensed  into  water  by 
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cold  water  thrown  in  through  the  pipe  T,  by  the  pump  R.  The 
water  thrown  into  the  condenser  for  this  purpose,  and  that  which 
is  formed  by  the  condensation  of  the  steam,  is  drawn  off  by  the 
pump  M,  in  order  that  the  condenser  may  be  prevented  from 
filling,  and  is  discharged  continually  into  the  well  N.  It  is  very 
Lot  from  the  latent  heat  given  forth  by  the  condensed  steam, 
and  advantage  is  taken  of  this  by  using  it  to  replenish  the  boiler, 
which  is  done  by  means  of  the  pump  q.  The  piston,  therefore, 
it  will  be  seen,'  works  continually  in  a  vacuum,  and  the  motion 
comnvunicnted  to  it  is  trans  nitted  by  means  of  the  working 
beam  l,  and  the  connecting  rod  i,  to  the  crank  k,  by  which  an 
impetus  is  imparted  to  the  fly  wheel  v.  From  the  direction  of 
the  arrows  it  will  be  seen  that  the  piston  is  going  down,  the 
connecting  rod  i  is  going  up,  and  the  fly  wheel  is  turning  towards 
the  left.  The  non-condensing  or  high  pressure  engine  resem- 
bles the  above,  exactly,  except  in  the  omission  of  the  appanitus 
beneath  the  upper  plate,  viz.,  the  condenser  o,  the  pumps  m 
and  R.  "the  pump  Q  is  retained  to  feed  the  boiler.  The  pi[)e 
u,  instead  of  continuing  to  o,  is  broken,  turned  upwards,  and 
discharges  steam  by  puffs  into  the  air. 

177.  Latent  Heat  of  the  Condensin?  Engine.  It  is  evident 
from  the  principles  laid  down  above,  that  the  condensation  of 
this  large  amount  of  steam  is  attended  by  the  giving  out  of  thn 
enormous  quantity  of  latent  heat  which  it  contains,  viz.,  1000^, 
which  has  a  tendency  to  heat  the  condenser  veiy  hot,  and  lo 
impair  its  efficiency.  It  is  evident,  al  o,  that  if  the  conden-»er 
becomes  heated  to  212%  no  moi-e  steam  can  be  condensed. 
To  prevent  it  from  becoming  thus  heated,  a  great  quantity  of 
cold  water  must  be  usedl  The  condensing  engine  can  not, 
therefore,  be  employed  except  where  a  large  amount  of  cold 
water  can  readily  be  obtained.  It  is  unfi:ted,  therefore,  for  u^e 
in  locomotives.  In  consequence  of  the  additional  size  of  tiie 
engine  and  the  larger  amount  of  machinery  required,  it  can  nut 
be  employed  in  confined  situat'ons  of  limited  extent,  and  in 
steamboats  on  shallow  waters.  The  magnificent  marine  engines 
of  ocean  steamers  are,  however,  always  condensing  en^pnes,  and 
so  also  are  the  ponderous  engines  used  for  draining  mines  and 
puTiping  water  for  aqueducts.  The  Cornish  steam  engine  is  a 
peculiar  form  of  the  steam  engine  used  in  the  muies  of  Corn- 
wall, for  the  purpo  e  of  raising  water. 

- 177   Bici»lmln  the  Ivge  amoont  of  heat  Mt  free  by  the  condensation  of  the  steam  in  the 
coBdenung  engiae. 

7 
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THE    BOILFR. 


178.  The  Boiler.  The  steam  engine  con'^ists  of  two  parts, 
quite  distinct  from  each  other:  1st,  the  machinery,  by  which 
the  power  is  matle  to  produce  motion  ;  (this  has  been  ah'eady  de- . 
scribed,)  and  2d,  the  apparatus  in  which  the  power  it-^lf  is  gene- 
rated. The  Boiler  is  the  instrument  for  the  production  of  power. 
It  consists  of  a  stix>ng  copper  or  iron  vessel,  Fig,  65,  made  of 


Fig.  66. 


Boila  of  Steam  Engine. 

well  rolled  plates  of  metal  strongly  riveted  together.  Usually 
it  is  cylindrical  in  shape,  and  if  posi-ible,  the  fire  box  containing 
the  coals,  and  the  flues  by  which  the  gmoke  is  carried  off,  are 
contained  within  the  boiler,  in  order  that  every  particle  of  heat 
generated  may  go  to  the  production  of  steam.  The  steam,  as 
it  is  formed,  collects  in  the  upper  part  of  the  boiler,  and  fresh 
portions  being  continually  added  to  it,  all  of  which  tend  to 
occupy  a  space  1700  times  greater  than  the  water  from  which 
they  are  formed,  it  is  obvious  that  its  tension  is  steadily  increas- 
ing, and  a  veiy  powerful  pressure  exerted  upon  the  water  and 
the  sides  of  the  boiler.  The  temperature,  at  the  same  time, 
steadily  rises,  and  if  there  be  no  opportunity  for  the  steam  to  es- 
cape, the  boiler  will  finally  explode.  To  prevent  such  a  catastro- 
phe, a  safety  valve  is  provided ;  see  s  r  in  Fig,  65.  This  consists 
of  a  small  piece  of  iron  or  brass  fitting  tightly  over  an  aperture 
in  the  top  of  the  boiler,  and  confined  in  its  place  by  a  heavy 
weight.  So  long  as  the  steam  exerts  a  less  pressure  upon  the 
under  side  of  the  movable  plug,  than  the  weight,  it  will  remain 

178.  Into  what  two  distinrt  \>Krts  may  the  steam  engine  be  divided  ?    Describe  the  con- 
struction and  arrangement  of  the  boiier. 
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in  its  place,  and  the  steam  can  not  escape ;  but  whenever  it  has 
accumulated  to  such  a  degree  as  to  pre;<s  upon  the  plug  with  a 
power  greater  than  the  weight,  it  will  raise  it,  and  escape  into  the 
air,  until  the  pressure  in  the  inside  is  made  equal  to  the  pressure 
on  the  outside.  Usually,  this  movable  plug  is  kept  in  its  place 
by  a  lever,  from  one  end  of  which  the  weight  is  suspended. 
This  may  be  seen  at  «  r,  in  Fig.  65 ;  also,  at  A,  in  Fig.  71.  The 
pressui'e  in  the  interior  may  be  measured  by  means  of  the  mer- 
curial gauge  that  has  been  described  in  the  account  of  Marcet's 
apparatus,  (§1 68,)  or  by  others  depending  on  different  principles. 
By  the  operation  of  the  safety  valve,  and  a  careful  obser\'ation  of 
the  gauges,  the  danger  of  explosion  is  guarded  against  When 
tlie  temperature  of  the  water  lias  risen  to  250°  there  is  a  pressure 
of  30  lbs.  to  the  square  inch  in  the  interior  of  the  boiler ;  when 
itjias  mounted  to  275°,  there  is  a  pressure  of  45  lbs. ;  at  294°, 
a  pressure  of  60  lbs.,  &c ;  but  as  the  atmospheric  pressure  on 
the  outside  of  the  boiler,  tending  to  bind  its  plates  more  firmly 
together,  amounts  to  15  lbs.  on  every  square  inch,  the  actual 
internal  pressure  tending  to  burst  the  boiler,  or  the  working 
power  of  the  steam,  is  the  excess  of  the  total  pressure  over  15 
lbs.,  and  is  found  by  subtracting  15  from  the  number  indicating 
the  total  pressure.  The  explosive  force  for  250°  is,  therefore, 
15  lbs. ;  for  275°,  30  lbs. ;  294°,  45  lbs.  This  fact  must  bo 
constantly  borne  in  mind  in  all  c^culations  upon  the  pressure 
upon  the  inside  of  boilers.  The  steam,  when  formed,  collects 
in  the  upper  part  of  the  boiler,  and  is  conveyed  to  the  cyl- 
inder by  the  pipe  s  which  is  commanded  by  a  stop-cook,  under 
the  control  of  the  enigineer ;  a  is  a  pipe  for  supplying  the  boiler 
with  water;  n  is  a&  opening  by  which  it  may  be  entered  and 
cleansed ;  6  is  a  lower  portion  of  the  boiler,  communicating  with 
the  upper  by  means  of  the  tubes  p  p  p,  and  intended  to  facili- 
tate the  production  of  steam ;  c  is  the  fire  box ;  r  the  grate ; 
the  course  of  the  smoke  and  flame  is  indicated  by  the  arrows ; 
after  passing  beneath  the  lower  boiler,  they  circulate  around  the 
upper,  and  finally  escape  by  the  chimney  c,  commanded  by  the 
damper  r.  The  locomotive  boiler,  as  will  bo  seen  presently, 
is  arranged  upon  a  somewhat  different  plan. 

179.  The  Boiler  U  not  only  an  invtrnment  for  convertin  j 
water  into  vapor,  bnt  alio  for  compressing  this  vapor.  In 
order  to  obtain  any  mechanical  power  from  steam,  it  is  not  suffi- 
cient simply  to  convert  the  water  into  vapor ;  if  this  be  all  that 

179.  How  is  Uie  reqaiBite  compreasloa  oi  the  Tapor  formed  in  the  boiler  effected? 
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is  done  the  steam  would  have  no  more  mechanical  power  than 
an  equal  volume  of  air  of  the  same  temperature :  all  (hat  would 
have  been  accomplished  would  have  been  to  convert  water  into 
an  aeriform  fluid,  no  more.  In  order  to  obtain  any  mechanical 
power  from  steam,  it  must  be  compressed,  just  as  in  the  ca^e  of 
air.  If  we  wish  to  make  use  of  the  ela$<ticit  j  of  air  as  a  moving 
power,  we  must  compress  it  bj  power&l  forcing  pumps ;  a  large 
quantity  of  air  is  thus  packed  into  a  small  space,  and  as  it  tends 
to  return  to  its  onginal  volume  in  consequence  of  its  elasticity, 
it  is  evident  that  we  have  here  a  very  considerable  source  of 
power.  In  the  same  way,  if  we  wish  to  obtain  power  from 
steam,  we  must  compress  it,  and  at  the  same  time  elevate  its 
temperature.  Both  these  conditions  are  requisite.  If  steam 
be  compressed  without  any  addition  to  its  temperature,  a  portion 
Is  reconverted  into  water,  and  its  elastic  force  remains  i|p- 
changed ;  if,  however,  it  be  powerfully  compressed,  and  at  the 
Bame  time  elevated  in  temperature,  its  elastic  force  is  enor- 
mously increased.  This  will  be  made  more  clear  hereafter. 
These  conditions  being  preserved,  the  more  powerfully  it  is 
compressed,  the  more  violently  does  it  tend  to  return  to  its  orig- 
inal volume.  The  only  difference  is,  that  instead  of  compress- 
ing the  steam  by  pumps,  we  do  it  by  forming  more  and  more 
Bteam  from  the  water  within  the  boiler,  and  every  fresh  forma- 
tion more  forcibly  compresses  that  which  existed  before,  and 
proportionably  increases  its  elasticity.  This  soon  generates  an 
•enormous  power,  which  not  only  endangers  the  boiler,  but  also 
reacts  upon  the  water,  and  tends  to  stop  the  formation  of  addi- 
tional steam ;  to  overcome  this  tendency  the  temperature  must 
be  steadily  elevated.  It  is  therefore  by  increasing  the  heat  that 
the  expansive  power  of  steam  is  augmented ;  but  the  two  do 
^lot  increase  at  an  equal  rate ;  the  power  increases  much  fa-ter 
than  the  temperatiu^  and  when  we  reach  very  high  tempera- 
tures, such  as  400® ;  an  addition  of  4°  or  6®  to^the  temperature 
of  the  boiler  adds  as  much  to  the  elastic  power  of  the  steam  as 
40°  added  to  it  at  the  temperature  of  212°".  It  will  be  observed 
that  for  th's  process  to  go  on,  there  must  be  a  continued  Fupply 
of  water  in  the  boiler;  if  the  water  has  all  boiled  away  then 
the  steam  is  only  increased  in  volume  by  the  increase  of  tem- 
perature, at  the  same  rate  as  so  much  air  would  be,  i.  e.,  for  1  **, 
,J^  of  the  space  it  occupied  at  32**.  The  steam  being  thus 
fonned  and  thus  compressed,  tends  to  rush  forth  with  great  fury. 
It  presses  upon  all  areas  of  the  boiler  of  equal  size,  witli  equal 
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power,  and  if  a  Bection  of  the  boiler  were  movable,  it  would 
press  it  steadily  outward. 

180*  Law  of  the  Frofagration  of  Prossure  throvffh  Fluids. 
This  equal  distribation  of  pressure  is  owing  to  the  law  of  the 
propagation  of  pressure  through  fluids,  both  in  the  state  of 
li(|uids  and  in  that  of  vapors  or  gaseis  viz.,  that  a  force  applied 
to  a  fluid  at  one  point,  is  propagated  through  it  equally  in  all 
directions.  This  is  illustrated  in  Fiff. 
Fig.  66*  66,  where  a  closed  vessel  beinj?  en- 

tirely filled  with  water,  and  having  a 
Dumber  of  pistons  pressed  down  upon 
the  liquid  on  all  sides,  and  there  being 
two  weights  of  five  pounds  each  or  a 
force  of  10  lbs.  applied  upon  the 
piston  A,  this  pressure  of  10  lbr«.  is 
propagated  equally  in  all  directions, 
and  every  one  of  the  other  pistons,  b, 
C,  D„  E,  having  an  equal  area,  tends  to 
move  outwardly  with  the  same  force, 
Frestute  Propagated  in  FMd;  viz^  10  Ibs.  The  Same  would  be 
true  if  the  vessel  were  filled  with  air, 
or  any  other  aeriform  fluid,  like  steam.  Nor  doesjt  make  any 
difference  whether  the  internal  pressure  be  produced  from  with- 
out as  in  Fig.  66,  or  from  within  by  intenial  expansion,  as  it 
would  be  if  this  water  were  converted  into  steam,  occupying 
1700  times  more  space  than  before.  In  any  case  the  pressure 
which  is  exerted  upon  any  area  of  the  inside  surface  of  the 
boiler,  as  a  foot  square,  for  example,  will  be  exerted  to  an  equal 
degree  upon  every  other  area  of  equal  size.  Nor  does  the 
shape  of  the  vessel  make  any  difference,  however  irregular  this 
shape  may  be.  If  a  tube  be  carried  from  one  vessel  to  another, 
at  some  distance,  so  long  as  this  tube  is  open  and  the  pa^^sage 
free  from  obstruction,  the  pressure  upon  any  definite  area  in  the 
fii-st  vessel  will  be  propagated  through  the  fluid  in  the  tube, 
whether  it  be  liquid  or  vapor,  and  be  exerted  to  the  same  degree 
upon  every  equal  area  in  tlie  second  vessel.  Consequently  if 
there  be  a  pressure  of  60  lbs.  to  the  square  inch  at  one  point  of 
the  internal  surface  of  a  boiler,  there  is  the  same  prei^sure  to 
the  square  inch  at  every  other  point  in  the  boiler,  or  in  any  closed 
vessel  connected  with  the  boiler  by  an  open  tube  or  pipe. 


180.  state  tbe  fatw  of  the  propagation  of  pressiue  through  fluids. 
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Fretsurt  tran*mHted  from  Boiler 
to  Cylinder. 
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181.  Mode  in  whioh  the  Pressure  is  transmitted  frem  the 
Boiler  to  the  Cylinder.    On  attaching  to  the  upper  part  of  the 

boiler,  b,  a  tube  leading  to  the  bot- 
tom of  a  cylindrical  chamber,  in 
which  there  is  a  movable  piston,  as 
is  represented  in  Fig.  67,  it  is  evi- 
dent that  the  steam  will  at  once  (ill 
the  tube ;  the  cylinder  c  will  be- 
come a  part  of  the  boiler,  and  the 
steam  will  press  upon  tl\p  lower 
side  of  the  piston  p  with  the  same 
force  precisely  as  upon  an  equal 
area  of  the  boiler.  If  the  steam 
exert  a  pressure  in  the  boiler  of 
CO  lbs.  to  the  square  inch,  it  will 
exert  the  same  pressure  in  the 
cylinder.  If  the  piston  in  the  cyl- 
inder have  a  we'ght  upon  it,  which 
presses  it  down  with  the  force  of  60  lbs.  to  the  square  inch,  it  will 
not  be  moved  from  its  position;  but  if  it  be  pressed  by  a  weight 
less  than  60  lbs.  to  the  square  inch,  it  will  be  driven  to  the  top 
of  the  cylinder.  If,  when  it  has  reached  this  point,  the  steam 
through  another  pipe  be  brought  to  bear  upon  its  upper  side, 
while  at  the  same  time  it  is  shut  off  from  the  lower  side,  and 
the  steam  confined  there,  be  let  off  into  the  air,  it  is  evident  that 
the  piston  will  be  driven  down  again  with  the  same  force  as 
it  was  driven  up.  The  piston,  then,  may  be  looked  upon  as  a 
movable  section  of  the  boiler,  which  is  alternately  driven  up  and 
down  by  the  steam  admitted  upon  its  under  and  upper  side ; 
and  if  machinery  be  attached  to  this  movable  piston,  it  will  par- 
ticipate in  its  motion. 

182.  Explosion  of  Steam  Boilers.  A  boiler  like  that  repre- 
sented in  Fig.  65,  if  made  of  good  materials,  may  be  gradually 
heated  to  a  degree  much  higher  than  212°,  without  any  c'a  ger 
of  bursting,  so  long  as  the  engine  is  working  and  the  water 
covers  all  the  parts  which  are  exposed  to  the  direct  action  of 
the  flame,  because,  under  these  circumstances,  no  portion  of  the 
boiler  can  be  heated  hotter  than  the  temperature  of  the  waer 
itself.  But  if  the  water  should,  from  any  cause,  fall  so  low 
that  some  of  the  parts  exposed  to  the  flame  should  have  no 


181.  How  If  the  pressure  tmnsinitted  frntn  the  tmilcr  to  the  cylinder?  Why  mav  the 
ptffton  be  regarded  as  a  morable  section  of  the  boiler?— 1S2.  What  is  the  cause  of  tlio 
•xplosioii  of  steam  boilers,  and  bow  may  they  be  prerented? 
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water  upon  the  inside  to  keep  them  cool,  these  might  become 
red-hot,  and  when  the  boiler  was  replenished  with  water,  this 
coming  into  contact  with  the  red  hot  iron,  would  instantly  pro- 
duce a  vast  volume  of  steam  of  immense  expansive  power,  and 
before  it  could  raise  the  safety  valve  and  escape,  the  boiler 
would  explode.  Such  accidents  are  very  likely  to  happen 
immediately  upon  setting  an  engine  in  motion,  after  stopping 
it  for  a  short  time.  During  this  interval  of  quiet,  the  water 
steadily  boiling  away,  and  its  level  falling,  may  at  length  sink 
below  the  top  of  the  flues,  and  a  portion  of  the  boiler  become 
heated  very  hot,  no  water  being  forced  in  to  supply  the  place  of 
that  which  is  evaporated,  in  consequence  of  the  stoppage  of  the 
pump-^.  If,  at  the  same  time,  the  safety  valve  be  shut,  the  steam 
formed  will  react  upon  the  surface  of  the  water  with  so  much 
force  as  finally  to  stop  the  ebullition,  and  keep  its  surface  per- 
fectly quiet,  but  still  with  a  constantly  increasing  tendency  to 
boil  with  vehemence,  as  we  have  seen  illustrated  in  the  steam 
flask,  (§  167.)  Now,  under  these  circumstances,  let  this  press- 
ure be  removed  by  the  starting  of  the  engine.  The  water  will 
recommence  boiling  with  so  much  fury  that  it  will  be  dashed 
against  the  top  of  the  boiler,  and  coming  into  contact  with  the 
too  highly  heated  portions,  it  will  flash  into  steam  of  such  ex- 
pansive power  that  nothing  can  control  it,  and  an  explosion  will 
result.  Or,  suppose  that,  the  water  boiling  away,  and  the  boiler 
becoming  too  hot,  the  safety  valves  at  first  are  opened,  so  that 
the  steam,  as  fast  as  formed,  escapes,  and  the  boiling  is  not 
checked  as  before,  and  afterward.",  at  the  instant  of  start mg,  that 
these  valves  are  clo.^d ;  then  the  pumps  beginning  to  work  at 
the  same  time  with  the  engine,  speedily  bring  up  the  level  of 
the  water  to  the  too  highly  heated  iron,  and  an  explosion  results 
as  before.  It  is  a  point,  therefore,  of  the  first  importance,  for 
the  engineer  to  keep  a  vigilant  eye  upon  the  level  of  the  water 
in  the  interior  of  the  boiler.  This  may  be  observed  by  having 
stop-coc'ks  at  different  levels,  which  from  time  to  time  must  be 
opened  to  ascertain  if  they  discharge  water  or  steam ;  or  by  a 
curved  tube  of  glass,  connected  with  the  boiler,  in  such  a  way 
as  to  show  the  height  of  the  water.  Seeo,  in  boiler,  i^V^,  120, 
There  are  other  means  by  which  the  same  end  may  be  at- 
tained. Let  s,  in  Fig,  65,  represent  a  steam  whistle,  which  can 
be  made  to  sound  by  pulling  a  wire  from  be^ow,  attached  to  the 
float,/,  and  let  it  be  an*anged  in  such  a  way  that  when  the  float 

Whv  Is  it  ncoMKiry  to  keep  a  Tlgllaiit  eye  upon  the  height  of  the  water  ia  the  boiler? 
Hovr  may  this  bo  aacertained  ? 
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has  sunk  to  a  certain  fixed  point  it  will  sound  the  whistle,  then, 
whenever  the  water  in  the  boiler  has  declined  so  far  as  to  en- 
danger iU  safety,  the  float  descending  with  it  will  open  the 
wliistle,  and  sound  the  alarm.  Again,  let  e  be  a  weight,  attached 
to  a  cord  passing  over  a  pulley,  and  descending  through  the 
upright  pillar,/,  until  it  entei-s  the  boiler  and  is  attached  to  the 
float,/;  as  the  float  falls  from  the  gradual  sinking  of  the  water, 
it  draws  the  weight  up,  and  being  placed  in  full  view  of  the  en- 
gineer, indicates  the  danger  within. 

183.  Boilers  of  Locomotives.  The  boilers  of  locomotives  are 
constructed  somewhat  differently  from  others.  One  peculiarity 
of  the  locomotive  consists  in  its  rapid  motion,  and  proportion- 
ably  great  consumption  of  steam.  Four  cylinders  full  of  steam 
are  required  for  every  revolution  of  the  wheels.  The  boiler 
must  therefore  be  constructed  in  such  a  way  as  to  produce 
steam  very  fa^t.  To  this  end  the  fire  box,  d,  Fig.  68,  is  en- 
tirely surrounded  by  water,  scHhat  all  the  heat  produced  is 
obliged  to  go  to  the  formation  of  steam ;  the  flame  and  ^moke 
are  then  carried  through  a  large  number  of  small  pipe?,  indi- 
cated by  the  arrow  in 
Fig-  68*  the  figure,   which  pass 

"^  through  the  boiler,  and 
terminate  in  a  chamber 
immediately  beneath  the 
chimney.  These  tubis 
expose  a  veiy  large 
heating  furface,  and  are 
also  surrounded  by 
water;  all  the  heat  pro- 
duced is  therefore  com- 
pelled to  enter  the  water, 
and  the  formation  of 
steam  is  made  wonder- 
LocomoHre  BdUr.  ^""j  rapid.     In  the  fig- 

ure, E  represents  the 
steam  dome,  from  the  upper  part  of  which  the  pteam  is  con- 
veyed to  the  cylinders  through  the  pipe  F..  In  this  manner  the 
spray  and  water  are  prevented  from  surging  into  the  cylinders. 
A^  the  smallness  of  the  tubes  tends  to  diminish  the  dniught,  the 
fcteani,  after  having  done  its  work  in  the  cylinder,  is  discharged 

1S3.  DeKcribe  the  boiler  of  the  locomotiTe.    Why  is  it  neceuaiy  to  make  steam  so  fiist* 
Uu  .f  u  tae  ilrau|(ht  muintaiued  ? 
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through  a  pipe  directly  into  the  air  chamber  beneath  the  ch-m- 
nej,  and  rushing  violently  upwards,  drives  all  the  air  before  it, 
precisely  as  the  plunger  of  a  pump  would,  if  similarly  situated. 
A  vacuum  i^  consequently  created  behind  it,  in  the  lower  part 
of  the  chimney  and  air  chamber;  and  this  must  be  supplieJ  by 
a  rush  of  air  through  the  fire  grate,  the  fire  box,  and  the  tube.^. 
The  combustion  is  at  once  increased  and  made  more  and  more 
vigorous  wilh  every  puff  of  steam.  In  this  way  a  draught  is 
created  equal  to  that  of  a  chimney  80  or  90  feet  in  height ;  the 
more  rapid  the  movement  of  the  engine,  the  more  powerful  the 
draught,  and  the  more  abundant  the  production  of  steam.  This 
mode  of  increasing  the  draught  by  discharging  steam  into  the 
chimney  is  the  great  improvement  made  in  the  steam  engine 
by  Mr.  Geo.  Stephenson,  by  which  it  was  adapted  for  use  upon 
railroads. 

When  steam  is  discharged  in  jets  through  a  pipe  into  the  lower 
part  of  another  tube,  it  always  tends  to  produce  a  vacuum  below 
it,  and  an  arrangement  of  this  kind  is  oflen  employed  for  the  pur- 
pose of  ventilation.  Steam  thus  escaping  expands  enormously 
as  it  enters  the  atmos|ihere,  and  so  much  heat  becomes  latent 
by  this  expansion  that  the  hand  placed  in  the  jet  actually  ex- 
periences a  sensation  of  cold,  even  though  the  temperature  of 
the  steam  may  be  considerably  higher  than  212°.  The  cooling 
effect  is  increased  by  the  rapid  intermixture  with  the  air. 

184.  The  alternating'  movement  of  the  Piston,  how  pro- 
dnced.— The  Valves.  It  now  remains  to  consider  the  means  by 
which  the  steam  is  admitted  alternately  above  and  below  the 
piston.  This  is  accom^plished  by  means  of  the  valves.  There 
are  many  different  forms  of  valves ;  but  the  simplest,  and  on 
the  wlM)le  the  best  form,  is  the  sliding  valve  represented  at  g, 
Fig.  69.  Upon  the  side  of  the  cylinder  is  fitted  a  chest  through 
which  all  tlie  steam  which  is  admitted  to  the  piston  must  pass. 
This  is  called  the  steam  chest.  The  object  of  the  valve  is  to 
direct  the  steam  from  the  steam  chest  first  to  one  side  of  the 
piston  and  then  to  the  other,  at  the  same  time  allowing  that  upon 
'fhe  opposite  side  to  escape  either  into  the  open  air  or  into  the 
condenser.  In  order  to  accomplish  this  end  the  two  tubes  con- 
veying the  steam  to  the  two  ends  of  the  cylinder  are  made  to 
terminate  quite  near  each  otht-r,  as  is  represented  in  Figs.  G9 
and  70,  and  over  them  there  is  made  to  slide,  steam  tight,  the 
piece  of  metal,  o,  which  is  moved  by  means  of  the  rod,  e. 

Show  how  Rteam  can  be  used  for  Tcntilation.— 184.  Explain  the  mode  in  which  the 
alternating  motion  of  the  piston  is  produced. 

7* 
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through  the  steam-tight  packing  box,  b.  AVhen  it  has  slid  over 
one  passage,  it  has  opened  the  other,  and  vice  versa.  In  Fig, 
69,  the  passage,  i,  is  open,  and  the  passage,  h,  is  closed.  The 
steam  is  consequently  pressing  upon  the  under  side  of  the  pis- 
Fig.  69. 


Valve  driving  Piston  tgp. 


Valve  driving  Piston  dovm. 


ton,  nnd  it  U  rising  to  the  upper  end  of  the  cylinder.  When  it 
reaches  the  top,  the  valve  is  moved  by  the  action  of  the  engine 
so  as  to  open  the  passage,  n,  as  in  Fig.  70,  when  the  passage, 
I,  becomes  closed,  and  the  piston  begins  to  descend.  In  this 
manner,  by  moving  this  slide,  the  steam  is  admitted  first  to  one 
side  and  then  to  the  other  of  the  piston. 

The  next  point  is  to  provide  for  the  escape  of  the  steam  from 
the  end  of  the  cylinder  tovvartls  which  the  pi.<ton  is  moving,  into 
the  open  air,  or  into  the  condenser.  This  is  accomplij-hed  by 
making  the  under  side  of  the  sliding  valve  hollow,  .^o  that,  at 
the  same  time  that  it  cuts  off  the  tube  over  which  it  is  moved 
from  communication  with  the  steam  of  the  steam  chest,  it  furn- 

Dwcribtt  the  yoIym. 
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ishes  a  way  of  escape  for  the  steam  in  the  cylinder  into  tlie 
escape  pipe,  t.  In  Fig,  69,  the  steam  from  h  is  passing  into 
the  escape  pipe,  t,  through  the  mider  side  of  the  valve.  In 
Fig.  70,  the  steam  from  i  is  passing  into  the  same  escape  pipe 
through  the  groove  on  the  underside  of  the  valve.  By  this 
simple  contrivance  the  alternate  motion  of  the  piston  b  pro- 
duced. 

185.  Steam  may  be  vied  ezpantiTely.  When  it  is  desired 
to  make  use  of  the  direct  pressure  of  the  steam  from  the  boiler 
for  a  portion  only  of  the  stroke  of  the  piston,  the  steam  is  shut 
off,  at  the  proper  point,  by  a  cut-off  valve.  The  steam  that  has 
been  admitted  into  the  cylinder  having  been  strongly  compressed 
in  the  manner  described  in  §  179,  has  still  great  elastic 
force,  and  tends  powerfully  to  enlarge  its  volume,  and  it  will  con- 
tinue to  urge  the  piston  to  the  end  of  the  cylinder  by  the  action 

.of  this  exp  msive  tendency,  notwithstanding  the  connection  with 
the  boiler  has  been  entirely  broken.  This  is  called  \u\ng  steam 
expansively,  and  is  one  of  the  inventions  of  Mr.  \\'att.  The 
cut  off  valve  may  be  arranged  so  as  to  cut-off  the  steam  at  any 
portion  of  the'  stroke  of  the  piston,  when  it  has  moved  ^y  ^,  ^  or 
\  of  the  length  of  the  cylinder.  It  is  obvious  that  the  sooner 
the  connection  with  the  boiler  is  cut  off  the  greater  the  saving 
of  the  steam,  and  the  more  economical  the  working  of  the  en- 
gine. The  cut-off  is  sometimes  a  separate  valve,  sometimes 
merely  a  modification  of  the  slide  valve.  It  is  capable  of  ad- 
justment by  the  engineer,  according  to  the  work  to  be  performed 
by  the  engine. 

186.  The  expansive  pewer  of  Steam  increaies  with  its 
temporatnre.  The  expansive  power  of  steam  increases  amaz- 
ingly with  the  temperature  at  which  it  is  formed,  so  that,  if  a 
portion  of  the  material  of  the  boiler,  in  consequence  of  the 
want  of  water,  should  have  become  heated  to  415°  F.,  the  ex- 
pansive force  of  the  steam  produced  would  be  300  pounds  to 
the  square  inch;  or  upon  one  square  foot  43,200  pounds,  more 
than  20  tons.  This  pressure,  however,  must  be  diminished  by 
15  pounds  to  the  square  inch,  because  the  pressure  of  the 
atmosphere  on  all  sides  of  the  boiler  tends  to  counteract  the 
expansive  force  of  the  steam  to  this  extent.  It  is  quite  evident 
that  a  force  of  this  degree  of  power  weuld  burst  almost  any 
boiler,  however  great  its  strength.     The  following  table,  founded 

185.  What  \^  mMnt  bj  using  steam  expansirelj  ?  What  Is  the  adrantage  of  catting 
off  steam  ?— 1S6.  What  is  the  effect  upon  the  expansive  power  of  steam  of  increasing  its 
temperature  ? 
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upon  the  experiments  of  RegnaTilt,  shows  the  increase  in  the 
pressure  of  steam  corresponding  with  the  increase  in  its  tem- 
perature. 

RpgnaulVs  Table  showing  the  Pressure  of  Steam  at  dijffWent  ten^peratures. 


kO*3 

>*  S  S 
E  «  3 


15  lbs. 

80  " 

45  '* 

60  " 

76  ** 

90  *' 

106  " 

120  " 

135  " 


I 


212^ 

249^.6 

278^3 

291°.2 

306^ 

318^2 

329  \6 

339^6 

348  \4 

35rt  \6 


K  -M  TS  « 


87°.6 
23  \8 
17^9 
140.8 
120.2 
11^.4 

9  .9 
•8°.9 

8\2 


11 
12 
13 
14 
16 
16 
17 
18 
19 
20 


I. 
il 


150  lbs. 

166  " 

180  " 

195  " 

210  *' 

226  " 

240  " 

266  " 

•270  " 

285  " 


S 

t 
I 


864«».2 
871®.l 
877  .8 
384O.0 
890^.0 
8960.4 
4f»0^.8 
405  .9 
410<^.8 
415\4 


0. 
Ill 

259 


7-.6 
60.9 
6c.7 
6o.2 
6-.0 
6o.4 
60.4 
6^1 
4\9 
4  .6 


This  table  corresponds  very  nearly  with  one  constructed 
many  years  since  by  Dulong  and  Arago.  They  made  the 
temperature  of  steam  at  30  atmospheres,  418*^.46;  at  50  atmo« 
spheres,  510°.G0.  It  will  be  observed  that  the  number  of  de- 
grees i^equired  to  add  an  additional  atmosphere  is  much  smaller 
at  high  than  at  low  temperatures,  i.  e.,  the  greater  the  pres:«ure, 
and  the  higher  the  temperature,  the  smaller  the  number  of  de- 
grees necessary  to  be  added  in  order  to  increase  the  elasticity 
and  expansive  power  of  the  steam.  Thus,  if  the  steam  be  at  212  , 
it  is  necessary  to  add  37°.5  of  heat  in  order  to  increase  its  press- 
ure by  1 5  lbs. ;  while  if  it  be  at  410°  only  4°.6  are  required.  This 
is  one  of  the  principal  reasons  for  the  increased  economy  of  power 
in  using  steam  at  a  high,  rather  than  at  a  low  pressure. 

187.  No  economy  of  Fuel  in  boiling'  Water  at  a  low  tem- 
pemtnro.  As  waUT  may  be  made  to  boil  at  a  temperature  of 
70Mn  a  vacuum,  it  has  been  a  question  whether,  by  the  removal 
oK  the  atmospheric  pressure  from  the  boiler,  a  g:reat  economical 
advantage  might  not  be  gained  in  the  saving  of  fuel.  Mr.  Watt 
ascertained,  by  carefuF  experiment,  that  nothing  is  gained  in 
this  manner,  because  the  lower  the  temperature  at  which  ihe 
Bteam  is  formed  the  greater  the  amount  of  latent  heat  which  it  con- 

Givo  the  general  reimltA  of  Regnault^t  table. — 187.  Why  is  there  no  economy  of  ftid 
hi  boiling  wat«r  at  a  low  (amperature  ?    Who  a«certainod  this  lact  7 
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tains.  By  condensing  steam  formed  at  this  temperature,  and 
observing  the  quantity  of  heat  which  it  communicated  to  a  given 
weight  of  water,  he  ascertained  that  its  latent  heat,  instead  of 
being  about  1000°,  was  between  1200''  and  1300°.  It  is  now 
a  well  recognized  principle'  that  whatever  be  the  temperature  at 
which  steam  or  vapor  may  be  formed,  the  sum  total  of  the  heat 
contained  in  it,  both  sensible  and  in-ensible,  is  nearly  the  same. 
Thus,  according  to  the  experiments  of  Clement  and  Desormes, 
a  certain  weight  of  steam  at  212°,  condensed  into  water  at  ,32% 
gave  out, 

Sensible  heat, 180*. 

Latent  heat, 950®.        Total,     1180*. 

The  same  weight  at  250*,  gave  out, 

Sensible  heat, 218*.  j 

Latent  heat, 912*.        Total,     1130*. 

The  same  weight  at  100*,  gave  out. 

Sensible  heat, 68*. 

Latent  heat, 1062*.        Total,     1130*. 

Consequently,  whatever  the  temperature  at  which  steam  is 
foiTnel,  thtf  total  amount  of  heat  required  is  nearly  the  same. 
Mr.  Watt  was  of  tlie  opinion  that  this  was  strictly  true ;  but 
Regnault  has  shown  that  the  sum  of  the  sensible  and  latent  heat 
increases  as  the  temperature  rises ;  the  amount,  however,  is  so 
small  that  it  may  be  neglected  in  practice.  It  will  be  remem- 
bered that  the  lower  the  temperature  at  which  water  bo'.ls,  the 
greater  the  amount  of  \U  expan*^ion  in  passing  into  vapor ;  con- 
sequently, the  greater  the  amount  of  latent  heat  necessary. 

Heffnaulfs  Table  iJiowing  the  *wn  of  gefutible  and  latent  Iieat  in  »team  ai 
ditferent  temperature*: 


Tempen- 
tore. 

Latent 
Heat. 

Sum  of     1 
Latent  Heat 
and  Senrfble 
Iloat. 

Tempera- 
ture. 

Latent 
Heat. 

Sum  of 

Latent  Heat 

ana  Sensibl*. 

Heat 

82* 

1092*.6 

1124*.6 

248* 

939«*.6 

1187*.6 

5.)* 

l(»8i>*.<) 

1130*.0 

266* 

927*.0 

1193^.0 

68* 

1067*^.4 

1135*.4 

284* 

914*.4 

119S^4 

86* 

1054--.8 

1140*.8 

802* 

901<'.8 

1208*.8 

104* 

li)42*.2 

1146*.2 

820* 

889^.2 

1209*.  3 

122* 

1029*.  6 

1151*.6 

338** 

874*.8 

1212^.8 

UO* 

1017*.0 

1157^0 

3iG* 

862*.2 

1218*.2 

158* 

1004O.4 

116>*.t 

874* 

8t9*.6 

1223*.6 

176* 

9l*l*.8 

1167''.8 

39'2* 

833'*.2 

li27*.2 

194* 

979^.2 

1173*.2 

41i)* 

822*.6 

1232*.6 

212* 

966*.6 

1178^6 

428* 

808*.2 

1236*.2 

2.S0* 

952*.2 

1182*.2 

446* 

796*.6 

124l*.6 

How  may  it  be  prored  ?    Give  the  general  fasolta  of  Kegnaulff  tabla. 
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188.  No  economy  in  niin^  Liquids  which  boil  at  a  lower 
temperatnre  than  Water.  As  alcohol  and  ether  boil  at  lower 
temperatures  than  water,  it  might  be  thought  that  it  would  be 
economy  to  use  them,  instead  of  water,  as  sources  of  power. 
This,  however,  would  not  be  the  case,  even  though  they  could 
be  procured  for  nothing,  for  two  reasons :  first,  on  account  of 
the  comparatively  small  expansion  of  these  liquids  in  passing 
into  vapor.  A  cubic  foot  of  water  yields  1 700  cubic  feet  of 
steam;  a  cubic  foot  of  alcohol  yields  only  493  cubic  feet  of 
vapor.  It  is  necessary,  therefore,  to  boil  away  more  than  3 
cubic  feet  of  alcohol  in  order  to  make  1 700  cubic  feet  of  alco- 
holic vapor  and  create  a  moving  power  equal  to  that  of  steam. 
A  cubic  foot  of  ether  yields  only  212  cubic  feet  of  vapor;  it  is 
necessary,  therefore,  to  boil  away  8  cubic  feet  of  ether  to  make 
1700  cubic  feet  of  ethereal  vapor.  This  would  require  a  cor- 
responding enlargement  of  the  boiler,  and  many  of  the  other 
parts  of  the  engine.  Secondly,  to  form  1700  feet  of  alcoholic 
and  ethereal  vapor  would  require  more  heat  than  to  form  17(  0 
cubic  feet  of  steam.  Thus,  the  latent  heat  of  steam  is  1000° ; 
the  latent  heat  of  an  equal  volume  of  alcoliolic  vapor  is  1575° ; 
the  latent  heat  of  an  equal  volume  of  vapor  of  ether  is  2500°. 
Their  cost  in  fuel  would  be  proportionate  to  the  sum  of  the 
sensible  and  latent  heat  of  equal  volumes ;  it  is  evident,  there- 
fore, that  the  advantage  would  be  decidedly  on  the  side  of  water. 
This  may  be  clearly  seen  from  the  following  table : 

Tlie  Lalent  Heat  contained  in  egttal  volumes  of  Water,  Alcolicl^  Ether, 

and  Spirits  of  Ihirpentine : 
A  cu.  ft  of  Water  yields  1100  cu.  ft.  of  Steam,  latent  heat, ....  1000°. 
A  cu  ft.  of  Alcohol  yields  493  cu.  ft.  of  Vapor,  latent  heat,  4B7®. 

493  cubic  feet: 4570 ::  1700  cubic  feet:  a-Otr: 1576^ 

A  cu.  ft.  of  Ether  yields  212  cu.  ft.  of  Vapor,  latent  heat,  812®. 

212  cubic  feet:  312^::  1700  cubic  feet:  a-°= 2500®. 

A  cu.  ft.  of  Spta.  Turp.  yields  192  cu.  ft.  of  Vapor,  latent  heat,  188®. 

192  cubic  feet:  183^::  1700  cubic  feet: ;c  = 1620o. 

The  heat,  therefore,  required  to  produce  an  equal  amount  of 
mechanical  power  from  water,  alcohol,  ether,  and  spirits  of  tur- 
pentine, is  as  1000°  to  1575°  to  2500°  to  1620°. 

189.  Super-heated  Steam.  Steam  which  receives  an  acces- 
sion of  heat  after  it  has  been  separated  from  the  water  that 

188.  Why  is  there  no  economy  in  uring  liquids  which  boil  at  a  lower  temperatuin  if.i.in 
irater  ?  Show  this  from  the  tnble  in  the  caro  of  alcohol,  ether,  and  spirits  of  turpentibe. 
-189.  What  is  meant  by  super-heated  steam? 
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formed  it,  by  passing  through  a  series  of  hot  pipes,  acquires 
some  important  properties  which  di»tinguish  it  from  ordinary 
steam.  In  the  first  place,  it  has  more  expansive  power,  and 
this  may  be  imparted  to  it  without  any  additional  expenditure 
of  fuel.  Secondly,  it  is  not  so  readily  condensed  as  common 
steam;  ordinary  steam  returns  at  once  to  the  liquid  state  as 
soon  as  its  temperature  is  at  all  reduced ;  but  in  the  case  of 
super-heated  steam  no  pait  of  it  can  return  to  the  liquid  state 
until  it  lose  ail  the  heat  which  has  been  imparted  to  it  by  the 
super-heating  process.  For  this  reason  super-heated  steam  is 
ofcen  employed  in  high-pressure  steam  engines,  in  which  it  is 
considered  important  to  prevent  the  condensation  of  the  steam  as 
much  as  possible  during  its  progress  through  the  cylinder ;  in 
thi§  manner  all  condensation  is  avoided  until  the  steam  has  been 
allowed  to  escape  into  t^e  air.  It  is  formed  by  causing  the 
steam,  afier  it  has  been  made  in  the  boiler,  to  pass  through  a 
series  of  very  hot  tubes  before  it  is  allowed  to  enter  the  cylinder. 
190.  Papin'i  Digester.  The  solvent  powers  of  water  are 
greatly  increased  by  the  high  temperature  which  may  be  given 
to  it  by  boiling  it  under  great  pressure.  At  the  pressure  of 
two  atmospheres,  or  30  pounds  to  the  square  inch,  the  tempera- 
ture of  water  is  250*^ ;  at  three  atmospheres,  275*^.  This  in- 
creased solvent  power  is  turned  to  good  account  in  Papin's 
Dige-ter,  which  consists  of  a  very  strong  metallic  vessel,  upon 
which  the  lid,  C,  fits  steam  tight  and  is  confined  by  a  powerful 
screw ;  a  safety  valve  is  provided  to  prevent  explosion.  The 
water  and  the  substances  to  be  dissolved  must  be  introduced 
before  the  top  is  screwed  down.  By  this  instrument  gelatine 
and  album(>n  have  been  extracted  from  bones  and  applied  to  the 
formation  of  various  valuable  products.  These  bones  might  be 
boiled  at  the  temperature  of  21 2°  for  an  indefinite  period,  witliout 
change.  This  apparatus  is  of  the  greatest  utility  for  boiling 
vegetables  and  meats  at  points  of  great  elevation,  where  the 
pressure  of  the  atmosphere  is  so  low  that  the  heat  of  water  at 
the  boiling  point  is  not  sufficient  for  cooking.  By  enclosing 
these  articles  in  a  vessel  of  this  description  the  heat  may  be  in- 
creased to  the  required  degree  without  the  slightest  difficulty. 
On  the  same  principle,  the  cooking  of  vegetables  at  ordinary 
levels  may  be  quickened  by  covering  the  pot  containing  them 
with  a  lid  finnfily  held  in  its  phice  by  a  few  bricks.  Steam, 
heated  to  a  high  temperature  by  passing  through  red-hot  pipes, 
may  also  be  used  for  the  same  purpose;  and  for  converting 

193.  D«tcrib«  Ux9  conttructioa  and  om  of  Pa|^'»  digester. 
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Fapin^s  Digtster. 

wood  into  charcoal  by  driving  off  all  the  volatile  portions,  leav- 
ing the  pure  carbon  behind ;  also  for  the  distillation  of  oiN,  and 
the  extraction  of  lard  and  fat  from  the  bodies  of  animals.  Steam 
may  be  heated  hot  enough  to  melt  lead  and  to  set  wood  on  fire. 
191.  The  Spheroidal  State.  Though  heat  is  ihe  cau^e  of 
ebullition,  and  a  sufficient  amount  of  it  would  no  doubt  produce 
the  vaporization  of  the  most  refractory  substances,  yet  a  high 
degree  suddenly  applied  to  liquids  vaporizes  them  more  slowly 
than  a  lower  degree.  Water  thrown  on  a  plale  of  iron,  or  sil- 
ver, heated  to  redness,  instead  of  instantly  flashing  into  steam, 
rolls  upon  its  surface  in  globules,  and  is  a  long  time  in  di^ap- 
pearing.  This  is  occasioned  by  an  atmosphere  of  vapor  that  ia 
at  once  formed  around  the  globules  of  M^ater,  whicli,  being  a 
poor  conductor  of  heat,  cuts  it  off  from  the  action  of  the  hot 
plate,  and  by  its  elasticity  actually  interposes  a  cushion  between 
them  and  elevates  the  globule  slightly  above  the  plate.  This 
elevation  of  the  drop  above  the  plate  is  perceptible  by  the  eye. 
The  apparatus  for  showing  this  is  represented  iu  Fig.  72. 

191.  Explain  the  spheroidal  state. 
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S^e  between  the  Hot  Plate  and  the  Drop. 


A  lamp,  called  an  eolopile,  is  mounted  npon  a  ibot,  provided 

with  screws,  go  that  it 
Fig-  72.  may  be  adjusted  to  an 

exact  level.  Immedi- 
ately over  it  is  placed  a 
smooth  plate  of  silver, 
which  is  heated  red-hot 
by  the  inflammation  of 
the  alcohol  in  the  eolo- 
pile. In  the  middle  of 
this  plate  is  placed  a  hol- 
low cylinder,  open  at 
both  ends,  also  of  silver, 
and  having  a  longitudi- 
nal slit  on  two  opposite 
sides,  at  equal*distances  from  each  other.  Three  or  four  grains 
of  water,  blackened  by  lamp-black,  are  then  poured  into  the 
cylinder,  and  its  top  is  covered  by  a  small  disk  of  metal.  The 
water  is  immediately  thrown  into  the  spheroidal  state,  and  if  a 
candle  be  placed  directly  opposite  to  the  slit  on  one  side,  and 
the  eye  applied  to  the  other,  it  will  be  seen  that  the  water  does 
not  rest  upon  the  hot  plate,  but  is  supported  above  it.  The 
electric  spark  can  also  be  seen  through  the 
same  interval,  between  the  plate  and  the 
drop.  Thus  situated,  water  is  said  to  be 
in  the  spheroidal  state,  from  the  spheroidal  ■ 
form  it  a:^«umes  in  rolling  upon  the  red-hot 
plate.  The  apparatus  for  performing  these 
experiments  is  represented  in  Ftg.  73. 
Tlie  red-hot  capsule  of  silver  or  copper 
may  be  filled  nearly  full  of  water  without 
its  boiling,  and  if  a  thermometer  be  dexter- 
ously introduced,  the  temperature  will  be 
found  to  be  about  205%  instead  of  212°. 
Under  similar  circumstances  the  tempera- 
ture of  alcohol  is  168%  instead  of  176°,  its 
boiling  point ;  ether  93°,  instead  of  96° ; 
sulphurous  acid  only  13°,  considerably  be- 
1  >w  the  freezingpoint  of  water.  For  water 
to  pa'^s  into  this  state  it  is  necessary  that 
the  plate  or  capsule  have  attained  the  tem- 
perature of  at  least  340°.    If  at  this  mo. 


Fig.  73. 


20S* 


Temperature  of  Water  in 
Spheroidal  Stale. 


JDeseribc  the  experimoitB. 
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Fig.  76. 


ment  the  red-hot  capsule,  nearly  full  of  water,  be  quickly  and 
carefully  removed  from  the  flame  and  placed  upon  a  tripod 
stand,  it  <rradually  cools,  and  the  water  being 
less  and  less  repelled,  at  length  comes  into 
direct  contact  with  the  metal,  bursts  into 
steam  with  explosive  violence,  and  is  project- 
ed in  all  directions,  affording  an  excellent 
illustration  of  increased  activity  of  ebullition 
produced  by  diminution  of  temperature.  Fig, 
74.  Even  if  the  water  be  boiling,  its  tem- 
perature sinks  from  5°  to  7°  below  the  boilinj; 
point  at  the  moment  it  falls  on   the  healed 

The  Lamp  Removed,    surface,  i.  e.,  from  212°  tO  207°. 

192.  It  ezplaini  the  ejEpiosioni  of  Steam 
Boilere.  If  a  copper  flask  be  heated  red-hot  by  a  powerful 
lamp,  a  large  quantity  of  water  may  be  introducedSnto  it  through 

a  fine  tube,  without  its  boiling,  and 
a  cork  securely  fitted  to  its  mouth. 
If  now  the  lamp  be  extinguished,  as 
the  fla^k  cools,  the  water  at  length 
comes  into  contact  with  the  metal, 
flashes  into  steam,  and  the  cork  is 
driven  out  with  great  fury.  This  is 
thought  by  .^ome  to  be  the  state  of 
things  in  the  interior  of  steam  boil- 
ers when  explosions  are  produced 
by  diminishing  the  heat  of  the  fire ; 
Fig.  75. 

On  the  same  principle  a  red-hot 
copper  ball  may  be  mtroduced  into 
water  at  the  temperature  of  75°, 
and  remain  visibly  red-hot  for  a  few 
seconds.  The  vapor  of  steam  which 
surrounds  the  ball  for  a  time  pre- 
vents the  contact  of  the  fluid ;  Fig, 
76.  As  soon  as  the  ball  has  suffi- 
ciently cooled,  the  water  ceases  to  be 
repelled  by  the  envelope  of  steam,  and  coming  into  contact  with 
the  hot  copper,  is  at  once  converted  into  steam,  scattering  the 
liquid  in  every  direction ;  Fig.  11. 

192.  Show  how  it  may  explain  the  explofdong  of  boilent.  Explain  the  red  heat  of  a 
copper  ball  under  water.  Show  how  water  and  mercury  may  be  fronui  in  a  red  hot  cru- 
cibfai. 


Explosion  of  Boiler. 
Lamp  ExUnguisAed. 
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Fig.  76. 


1G3 


Sail  of  Copper  Red-hot  under  Water. 
Fig.  77. 


(•^^ 


JUd-hot  Bali  Cooled. 


On  the  same  principle  the  human  hand,  moirtr^ned  w'th  water, 
may  be  d  pped  witli  impunity  into  a  vecjiel  o/  melted  lead,  or 
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iron,  the  vapor  that  is  formed  by  the  moisture,  for  a  certain 
length  of  time,  keeping  oft*  the  meUed  metal.  In  pounng  gla^ 
into  wooden  moulds  it  is  usual  to  introduce  first  a  small  (portion 
of  water.  By  passing  into  the  spheroidal  slate  it  is  repelled 
from  the  glass,  to  that  it  does  not  injuriously  cool  it,  and  at  the 
same  time  protects  the  wood.  In  peHbrming  these  experiments, 
provided  the  hot  surface  be  a  sufticiently  good  conductor  of  heat, 
the  nature  of  the  material  is  unimportant.  Silver,  platinum, 
copper  and  iron,  may  all  be  used.  One  liquid  may  be  thrown 
into  the  spheroidal  state  upon  the  suiface  of  another,  as  water, 
alcohol,  or  ether,  on  the  surface  of  hot  oil.  Solids  can  also  be 
thrown  into  the  spheroidal  state  by  being  placed  on  hot  plates, 
as  iodine  on  hot  copper.  The  iodine  is  melted  and  thrown  into 
the  spheroidal  state,  emitting  but  little  vapor;  but  if  the  lamp 
be  removed  so  as  to  permit  the  capsule  to  cool,  it  suddenly  bursts 
in'o  a  magnificent  cloud  of  rich  violet  vapor.  Liquefied  sul- 
phurous acid  passes  into  the  spheroidal  state  at  13°,  notwith- 
standing it  is  in  the  interior  of  a  red-hot  crucible.  If  a  drop 
of  water  be  introduced  into  the  acid,  under  these  circumstances, 
it' is  instantly  frozen.  Solidified  carbonic  acid  and  ether  pa-s 
into  the  spheroidal  state  at  so  low  a  temperature  that,  if  a  globule 
of  mercury  be  introduced  into  the  mixture,  it  is  immediately 
solidified,  and  may  be  turned  out  solid  upon  the  table. 

193.  DiitUlation.     The  difiference    between    the  boiling 


Fig.  78 


DistiUation  qf  Watrr. 
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points  of  liquids  ia  sometimes  made  use  of  to  separate  them 
from  each  other,  and  to  clear  them  of  impurities.  This  pro.  e.  s 
is  called  distiilatiou.  It  consists  in  raising  liquids  in:o  vapor  by 
boiling,  and  then  condensing  the  vapor  by  causing  it  to  come 
ino  contact  with  some  cold  surface.  This  is  usually  accom- 
plished by  having  a  tube  of  considerable  length  leading  from 
the  top  of  a  closed  boiler  and  passing,  in  the  form  of  a  spiral, 
through  a  vessel  which  is  kept  filled  with  cold  water,  chanjred 
as  fa-t  as  it  becomes  warm ;  Fig.  7B.  A  is  the  boiler ;  c  is  the 
head  of  the  still ;  d  the  pipe  leading  to  the  condenser ;  f  the 
spiral  tube  in  which  the  vapor  is  condensed ;  K  the  point  where 
it  is  discharged  into  the  bowl  p ;  r  is  a  discharge  cock,  by  wliich 
water  is  constantly  supplied  to  the  vessel  I  j  k  l,  eo  that  a 


Fig.  79. 


Uebig''s  Condensing  Tube. 

current  of  cold  water  U  continually  passing  through  it,  entering 
at  the  bottom  and  issuing  at  th«  toj>.  Sometimes,  in  place  of 
the  still,  a  condensing  tube.  Fig.  79,  is  employed.  The  princi- 
ple is  the  same  as  in  the  still,  but  it  is  more  convenient  for  use 


198.  DeMifbe  the  prooew  of  dtotiUatton. 
alembic. 


TbestiU.    Liebig^«  oondeBsing  tube.    The 
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in  the  laboratory  when  it  is  desired  to  distil  FmaU  quantities  of 
liquid,  as  it  can  readily  be  adapted  to  a  flask  of  any  size,  as 
seen  in  the  figure.  It  consists  of  a  tube  of  copper,  b,  llirou<rh 
wliich  passes  a  large  glass  tube,  closed  at  both  ends  by  corks, 
by  means  of  which  connections  may  be  formed  at  either  end 
with  smaller  tubes.  Through  the  copper  tube  cold  water  is 
continually  circulating,  entering  by  the  funnel  into  the  lower 
end,  and  flowing  out  above  into  the  bowl.  The  vapor  formed 
in  the  flask  a,  is  condensed  in  ^,  and  is  collected,  drop  by  drop, 
in  the  bottle,  c.  Again,  the  same  process  may  be  carried  on  in 
the  Alembic  of  which  a  representation  is  given  in  Fig.  80.     It 

consists  of  a  glass  boiler,  to 
Fig.  80.  which  a  head  is  adapted  by 

grinding,  in  such  a  way  that 
tlie  vapor  which  is  condensed 
upon  its  sides  trickles  into  a 
gutter  and  issues,  drop  by 
drop,  through  the  spout. 
This  is  a  very  convenient 
instrument  for  di^stillation 
on  a  small  saile. 

194.  Utes  of  Distilla- 
tioa.  One  of  the  most  im- 
portant uses  of  distillation 
is  the  purification  of  I'quids 
fiom  the  foreign  substances 
with  which  they  may  be 
charged.  Thus  m uddy  water 
can  be  made  clear  by  boiling 
it  and  condensing  the  va[  or. 
Alembic.  The  foreign  particles  are  too 

heavy  to  rise  with  the  vapor, 
iand  remain  in  the  boiler.  Sugar  and  salt  dissolved  in  water 
can  not  rise  in  vapor;  consequently  they  are  l-ft  behind  in  the 
l>oiler,  while  the  water  is  distilled  off.  In  such  cases  the  liquid 
lefl  behind  is  concentrated,  and  this  is  sometimes  one  object  of 
the  process. 

195.  The  separation  of  two  Liqnide  by  Dietillation.  Two 
liqu'ds,  thoroughly  mixed,  may  be  separated  by  this  process, 
provided  their  boiling  poinU  are  different.     Thus,  alcohol  boil- 


194   Explnin  the  uses  of  distillation.— 195.  Shovr  how  two  liquids  may  be  separated 
by  didUllation. 
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ing  at  176°,  while  water  boils  at  212**,  it  is  qnite  evident  that 
tt}e  aloohol  can  be  boiled  and  raised  into  vapor  before  the  water 
is  hot  enough  to  do  the  same ;  and  this  being  conden^^ed,  it  will 
trickle  down  into  the  receiver,  leaving  the  water  behind  it.  To 
ensure  the  success  of*  ihis  proL*ess  the  temperature  must  be  kept 
a^  near  a,i  possible  to  the  boiling  point  of  alcohol,  and  below 
that  of  wa»er.  O.i  the  same  principle  a  volatile  substance 
m'ght  be  boiled  o%  and  the  liquid  left  behind  mside  stronger 
a  ad  purer.  This  last  pro  jess  is  sometimes  called  Condensation. 
The  distillation  of  pure  water  from  salt  water,  which  is  some- 
times done  on  shipboard,  is  accomplished  on  the  same  principles. 
The  salt  and  other  impurities  dissolved  in  the  water  can  not 
rise  with  the  vapor  of  water,  on  account  of  their  greater  spe- 
cific gravity.  The  vapor,  therefore,  pi-oduced  by  the  boil'ng  of 
sea  water,  is  comparatively  pure,  and  when  condensed  in  the 
worm  of  the  still,  proves  a  tolerably  wjiolesome  water.  These 
processes,  it  can  be  readily  seen  are  matters  of  great  practical 
importance  in  the  arts. 

EzpeiimenU  {— BlTeota  of  Heat:    Vaporlsatloii. 

I.  VaporimatlOQ.    Heat  the  cftiue ;  shown  by  heating  water  or  aloohol. 

5.  Solids  are  sometimes  yaporiied  without  liquefying ;  shown  by  heMtlag,  in  a  Flor- 
ence flasic,  camphor,  sulphur,  benaoic  acid,  sal  ammoniac,  arwnious  acid  Let  u  M.cood 
flask  be  Inrerted  orer  the  Qr^t,  that  the  vapors  which  are  formed  may  be  colltscted  and 
ooodensed-    This  is  called  sublimation. 

3.  BbttUltion.  Different  liquids  boll  at  different  temperitures ;  this  may  be  shown 
by  placing  a  tbermometiT  in  boiling  water,  ether  and  alcohol.  The  last  two  should  n»t 
be  boiled  over  a  lamp,  but  by  immersion  in  boiling  hot  water,  in  test  tuWes. 

4.  Bull  water  in  a  metellic  ressel  and  in  a  gli»8  vessel,  successively,  using  the  same 
thermometer  to  show  the  effect  of  nature  of  the  vessel  upon  the  boiliug  point. 

B.  Call  attenlioQ  to  the  fkct  that  in  the  boiling  of  water  steam  is  formed  at  the  bottom 
Of  the  liquid,  and  not  upon  its  surface 

6.  The  boiling  point  of  liquids  is  elevated  or  depressed  by  the  diminution  or  increase  of 
the  preasure  of  tae  atmosphere.  Water,  ether,  alrohol,  under  tne  exuausted  receiver  of 
an  air  pump,  boil  respectively  at  70^,  —44^,  and  8b'°. 

7.  The  principal  fkct  connects  with  vaporisation,  vis.,  the  absorption  and  entire  dis- 
appearance of  a  large  amount  of  heat,  is  shown  by  placing  a  thermometer  in  a  dnak  of 
witer,  and  heating  over  a  spirit  lamp.  The  temperature  of  the  water  will  rise  until  it 
reaches  ^l^**.  Above  this  point  the  mercury  refuses  to  rise,  though  heat  is  continually 
entering  the  water  at  the  same  rate  as  before. 

8.  The  same  fkct  is  shown  by  putting  a  thermometer  into  water  at  9(F,  and  placing 
the  whole  under  the  receiver  of  an  air  pump ;  exhaust,  and  as  soon  as  the  water  begins 
to  boil,  tte  thermometer  sinks,  owing  to  the  absorption  of  heat. 

9.  Again,  if  to  a  pound  of  water  at  212<',  8  pounds  of  red-hot  iron  filings  be  added, 
the  temperature  of  the  vrater  will  be  fbund,  on  trial,  not  to  have  been  increased  a  degree. 
Whit  tus  b<«rome  of  the  heat  of  the  re«l-hot  iron  ? 

10-  If  ether,  at  the  ordinary  atmospheric  temperature,  be  subjected  to  dlmlni!<hed 
pveesure  by  being  placed  under  the  exhausted  receiver  of  an  air  pump.  It  will  boil  furl- 
ooAly.  and  the  thermometer  will  immediately  sink  very  rapidly,  showing  the  abiwrption 
of  a  large  amount  of  heat. 

I I .  Place  some  pure  water,  at  eSf,  In  a  flask,  over  a  good  spirit  lamp,  and  no'e  the 
number  of  muiuce^  It  takes  to  rise  to  212^,  or  to  gain  150^  of  heat.  liet  it  boil  as  many 
minutes  more,  aod  tnen  note  the  temperature :  it  will  be  found  to  be  still  no  hhchor  than 
ilZ* ;  yet  Uluw  received  actoaUy  lOO^"  of  additional  heat.    What  has  become  of  it? 
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1^.  Note  t^  number  ofmlnates  that  it  tipcat  the  vrator  Id  tbe  last  experiment  to  boil 
entirely  a^vay :  multiply  by  tne  number  of  degrees  of  heat  impurCed  per  minute,  find 
it  wilt  be  feuud  ttiut  iJtM/^  of  tieut  hare  been  abewrbuil. 

1  i.  The  beat  tuua  ub(«rbed  Li  given  out  agaiu  when  the  vapor  l»  condensed.  Let  a 
tall  J^r  be  tilled  with  11  cubic  incaefl  of  water  at  Srz?;  condeni«  ntenm  at  i.1*^^  into  it 
until  2  cubic  inches  have  been  added  to  the  11,  and  it  will  be  found  t.iat  t'.ie  teupeniture 
of  tae  water  has  increased  to  212'' ;  i  e..  the  heat  contained  in  utoam  at  212^  i^  Mufficient, 
whea  condensed,  to  heat  bi  times  as  much  water  as  that  from  wtiich  it  was  produced, 
ftom  S2^  to  212** ;  1.  e  ,  W-    ISO^'XS}     990*».    See  Fig.  65. 

14.  The  boiling  point  varies  with  variation  in  pressure ;  this  may  be  shown  by  boiling 
water  in  a  flask,  tightly  corked,  liaving  a  thermometer  in  it.  The  steam  being  prevented 
escaping,  reacts  upon  the  water  and  soon  exerts  a  powerful  pressure,  and  the  thcnnome> 
ter  at  once  commences  to  rise.  Remove  the  pressure,  by  allowing  the  stoian  to  es^cape, 
atid  the  temperature  fails.  This  may  be  shown  by  Rlarret's  apparatus,  or  the  steam 
flask.  Sliut  the  stop  cock  of  ench,  when  the  water  comm»^ces  boiling  and  the  tliermorco- 
ier  will  rise  above  212^ ;  open  it  again,  and  it  will  immediately  fhll  to  212^ ;  exhau^t  the 
air  from  the  steam  flask,  by  toe  air  pump,  and  it  will  boil  at  a  temperature  lower  than 
212*'. 

1 3.  The  Gnlinary  Pandox.  fkM  water  in  a  flaak>  close  it  quickly  by  a  cork ;  remove 
it  ft^m  the  lamp,  invert  it,  and  apply  cold  water  to  tlie  upper  part ^  the  boiling  will  re- 
commence with  violence ;  apply  hot  water  and  it  will  ceare. 

1  .>'•  Wollaston's  steim  bulb  and  Jar  of  cold  water,  shows  (he  moving  forces  in  the 
steam  engine.  Boil  the  water  In  steam  bulb  until  the  piston  has  reached  ttie  top  of  the 
cylinder ;  then  dip  in  cold  waiter,  and  the  piston  will  descend. 

17.  That  water  expands  1700  times  in  vaporizing,  may  be  shown  by  a  cylinder  in 
which  there  is  a  cubic  inch  of  water,  fitted  with  a  pL«  on.  The  water  is  boiled  away  and 
the  piston  is  fiiroed  up  untii  the  capacity  ef  ti^e  apace  below  it  amounts  to  1700  cub4c 
inches 

1.  Spberoldal  8^ate.  Heat  a  copper  ball  red-hot  in  a  powerful  hmp,  and  dip  it 
quickly  info  water  at  temperature  of  93*^,  in  a  glass  Jar.  It  will  remain  red-hot  for  a 
considerable  leng  h  of  time. 

2.  Drop  water  into  a  rud-faot  capsule  of  copper,  until  it  is  nesrly  full ;  then  remove 
the  lamp.    The  water  will  not  boil  until  the  lump  U  taken  away. 

3.  Drop  water  into  a  red-hot  Uask  of  copper  and  cork  it  tightly ;  remove  the  lamp ; 
the  cork,  in  a  few  mojients,  witi  be  driven  out  with  great  violence. 

4a  Ueat  a  copper  dish,  pierced  with  holen,  red-hot,  and  drop  a  little  water  upon  it 
gently  from  a  glass  dropping  tube;  toe  water  will  not  run  thiough;  remove  the  lamp 
and  the  water  will  then  reH<uly  flow. 

tt.  Drop  liqueflcd  sulphurous  acid  into  a  red-liot  capsale  of  platinum,  and  (est  th» 
temperature  with  a  thenuojieter. 

6.  Drop  water  into  a  retl-hot  platinum  capsule  nntil  it  is  quite  foil,  and  then  Insert  a 
delicate  thermometer ;  the  mercury  will  only  rit«e  to  'A)&^  V. 

7.  Tfaurow  a  mixture  of  soiidifled  carbonic  acid  and  etiier  into  a  red-hot  platinum  cap- 
sule ;  the  ether  vdll  almost  immediately  catch  Are.  producing  a  powerful  blaxe :  inteo> 
duce  a  thermometer  into  the  mixture  beneath  the  flume,  nnd  the  merru^  will  br  frozen. 
This  is  owing  to  the  low  temperature  at  which  ttie  carbooio  add  is  tnrown  into  the  sptie- 
roidal  state. 

8.  Introduce  into  the  same  mixture  a  small  platinum  rpooo  filled  witli  mereniy ;  li 
will  be  froaen.  and  may  be  turned  out  upon  the  table  in  the  t-n.td  rtate. 

9.  Introduce  a  little  water  in  tlie  same  manner  into  the  same  mixtoze,  and  it  abo  will 
be  froaeu,  and  may  be  turned  out  upon  the  table  as  ice 

10.  Throw  a  few  grains  of  iodine  into  a  red-lmt  platinum  crucible,  over  a  lamp,  and 
it  will  vaporize  slewlv  in  conwquence  of  being  thrown  into  the  spheroidal  state  at  a  low 
temperature,  and  only  a  little  heat  reaching  it ;  remove  the  lamp,  and  it  will  at  onea 
burHt  into  a  spiendid  vio'et  cloud. 

1 1.  For  thew  experiments  there  i^  needed  a  powerful  alcohol  vapor  lamp,  and  thick 
capsules  of  copper,  puitinum,  or  Mlver.  which  retain  bent  for  some  time. 

1.  OittUlaeioa.  Fill  a  common  retort,  half  full  of  water,  and  boil  it  slowly  over  a 
spirit  hunp :  the  vnpnr  will  eond(>nse  in  the  neck  of  the  retort  and  trickle  drop  by  drop 
from  its  beftk  into  i  rup  placed  to  receive  it. 

S  Take  some  well  water  and  pour  into  it  a  f^w  drops  of  sol.  of  oxalic  acid ;  a  white 
cloud  will  be  produof*d.  showing  the  prewncc  of  lime  in  the  water.  Pour  the  same  water 
Into  a  retort  nnd  distill  hs  befnn* :  collect  the  distilled  water  and  test  for  lime  again ;  na 
lime  will  be  found,  showing  that  the  w.nter  has  been  purified  by  distillation. 

3.  Dilute  alcohol  with  wtter  until  it  will  no  longer  inflame  when  a  taper  is  put  into  it ; 
then  pour  the  mixture  into  an  alembic,  h*tvlog  a  thermometer  in  it ;  beat  to  180^,  not 
higher;  vapor  will  rise  and  condense  In  the  neck,  and  Anally  fiUl,  drop  bv  drop,  into  a 
Wine  glass  placed  to  catch  it  \  «ppiy  the  taper  and  it  will  bum,  allowing  that  the  alcoluA 
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hns  been  Mpurftted  from  ihe  water.  Tbis  will  show  how  alcohol  is  separated  from  watery 
•olutions. 

4.  Try  the  same  experiment  with  wine. 

6.  Ditio  with  brandy  dilated  with  water;  with  other  liquors. 

6.  Boil  maddy  or  turbid  water  in  a  retort^  aud  observe  the  clearness  of  the  residual 
water. 


I  y .   Sffectfl  of  Beat :— Evaporation  i 

196.  evaporation.  Evaporation  has  been  described  as  the 
second  mode  of  vaporization.  It  differs  from  ebullition,  in  tak- 
ing place  from  the  surface  of  liquids,  while  ebullition  consists  in 
the  formation  of  vapor  at  the  bottom  of  a  liquid,  immediately 
in  contact  with  the  surface  of  the  boiling  vessel,  and  accompa- 
nied by  more  or  less  commotion  in  the  fluid  as  the  vapor  rises 
through  it  Evaporation  is  a  slow  and  quiet  process,  unattended 
by  violent  actio.n ;  ebullition  is  rapid,  and  must  be  kept  up  by 
artificial  mean^.  Evaporation  goes  on  at  common  tempemtures, 
and  may  take  place  even  at  the  lowest,  and  during  the  coldest 
seasons ;  while  ebullition  requires  a  high  degree  of  heat,  or  at 
least  the  removal  of  atmospheric  pressure. 

197.  Evaporation  takei  place  at  common  temperatnreei 
Boat  its  came.  *To  prove  that  evaporation  takes  place  at  natu- 
ral temperatures,  nothing  more  is  necessary  than  to  expose  a 
quantity  of  water  to  the  open  air,  in  a  shallow  vessel ;  the  liquid 
will  be  found  gradually  to  diminish,  and  will  Anally  disappear 
entii'ely.  If  a  quantity  of  water,  or  ether,  be  carefully  weighed, 
at  the  end  of  an  hour  it  will  be  found  to  have  lost  weight  very 
perceptibly.  It  was  for  a  long  time  thought  that  the  air  was 
ths  cause  of  evaporation,  and  that,  in  consequence  of  its  affinity 
for  different  liquids,  it  dissolved  them  with  varying  degrees 
of  rapidity,  as  water  dissolves  the  different  salts ;  but  it  is  im- 
po^ible  to  attribute  the  effect  to  this  cause,  for  it  is  an  estab- . 
lishe  I  fact  that  eVaporation  takes  place  in  vacuo,  that  the  air 
positively  retards  the  process,  and  that  one  of  the  best  means 
of  accelerating  it  is  to  remove  the  air  altogether.  The  sole  cause 
of  evaporation  is  Heat.  We  know  that  this  is  true  in  the  ca.^e 
of  ebullition,  because  we  perceive  the  actual  application  of  the 
heat ;  but  in  the  case  of  evaporation  it  is  not  so  apparent,  be- 

193.  What  is  the  second  mode  of  raporization  7  In  what  respects  does  evaporation 
diflEpr  from  ebullition  ?— 197.  Prove  that  evaporation  talces  place  at  common  temperatures. 
Sbow  that  it  is  produced  by  heat,  and  not  by  the  action  of  the  air. 
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cause  there  is  no  actual  application  of  heat,  and  the  amount 
I'eqiiired  is  gathered  up  silently  and  quietly  on  every  hand.  It 
would  appear  that  in  the  liquid  state  the  particles  of  matter 
having  already  begun  to  separate  from  each  other  and  acquire 
facility  of  motion,  are  readily  pushed  still  further  apart  by  the 
heat  which  liquids,  at  ordinary  temperatures,  collect,  that  they 
at  length  cease  to  oppose  any  barrier  to  the  passage  of  light, 
become  invisible,  and  lighter  than  air,  and  finally  rise  and 
escape.  The  experiments  of  Dr.  Dalton  not  only  prove  that 
heat  is  the  true  cause  of  the  formation  of  vapor,  but  also  that 
the  actual  quantity  which  can  exist  in  any  given  space  is  de- 
pendent solely  upon  temperature.  If  a  little  water  be  placed  in 
a  dry  glass  flask,  a  quantity  of  vapor  will  be  formed  proportion- 
ate to  the  temperature ;  at  32°  the  flask  will  contain  but  a  very 
small  quantity  of  vapor ;  at  40°  more  vapor  will  exist  in  it ;  at 
50°  it  will  contain  still  more ;  and  at  60°  the  quantity  will  be 
still  further  increased.  If,  then,  under  these  circumstances,  the 
temperature  of  the  flask  be  again  suddenly  reduced  to  40°  a 
certain  portion  of  the  vapor  will  be  reconverted  into  water ;  the 
quantity  which  retains  the  form  of  vapor  remaining  precisely 
the  same  as  when  the  temperature  was  originally  at  40°. 

198.  The  amount  of  Vapor  formed,  and  its  elasticity,  are 
proportionate  to  the  temperature.  Vapors,  like  gases,  possess 
a  certain  elastic  force ;  by  this  is  meant  that  they  possess  a 
tendency  to  expand  indefinitely,  and  are  only  prevented  from 
doing  so  by  the  pressure  of  counteracting  forces,  of  which  the 
most  important  is  the  pressure  of  the  atmosphere.  If  confined 
in  a  closed  vessel  a  vapor  exerts  a  certain  pressure  upon  the 
sides  of  the  vessel,  in  consequence  of  its  elasticity  or  tendency 
to  expand,  and  the  degree  of  this  pressure,  and  the  amount  of 
vapor  formed,  will  depend  upon  the  temperature  to  which  the 
vessel  is  subjected.  If  the  vessel  be  a  bottle,  tightly  closed,  and 
containing  a  small  amount  of  water,  while  the  remainder  of  the 
space  is  filled  with  air,  the  air  within  the  bottle  will  not  prevent 
the  liquid  from  evaporating ;  a  certain  amount  will  pass  into  the 
state  of  vapor,' depending  upon  the  temperature ;  its  elastic  force 
will  be  added  to  the  elastic  force  of  the  air  confined  in  the  bot- 
tle, and  a  pressure  exerted  upon  the  inside,  tending  to  burst  it. 
If,  under  these  circumstances,  the  stopple  of  the  bottle  be  re- 
moved, a  portion  of  the  mixed  air  and  vapor  will  rush  out :  if 


198.  Prove  that  rapors,  like  ga«e«,  poeww  eIaBticit3r,  and  exert  preware  upon  the  In- 
ride  of  a  ve^M  rontHii.ing  them.  >vhat  effect  haa  (ncrcaite  of  temperature  upon  the 
elastic  force  of  vapors  ?    \Vh:»t  t!«  grec  cf  force  may  be  exerted  by  thi»  means  ? 
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Fig.  81, 


tho'  vessel  employed  be  a  bell  glass,  closed  at  the  top,  and  open 
at  the  bottom,  haviug  a  small  quantity  of  water  in  it,  and  placed 
in  a  bath  of  mercury,  the  mercury  will  be  depressed  as  the  vapor 
is  formed,  showing  that  the  elastic  force  of  the  gaseous  contents 
of  the  bell  glass  has  been  increased.  If  the  temperature  b<} 
steadily  raised  the  amount  of  vapor  formed,  and  the  elastic 
power  of  the  mixed  air  and  watery  vapor,  will  increase  at  an 
equal  rate,  and  the  pressure  upon  the  sides  of  the  vessel  will  be 
corre^^pondingly  augmented.  When  212°  is  reached  the  water 
will  begin  to  boil,  and  the  pressure  be  still  further  augmented ; 
ai  the  temperature  rises  beyond  this  point  the  pressure  will  go 
on,  uicreasing  in  force,  and  eventually  attain  such  a  degree  that 
no  amount  of  external  pressure  can  resist  it,  and  the  vessel  will 
be  reat  in  twain.  The  tendency,  therefore,  for  a  liquid  to  pass 
into  vapor,  is  not  only  due  to  heat,  but  is 
heightened  as  the  temperature  increases, 
and  when  a  certain  degree  has  beea  at- 
tained, becomes  irresistible. 

19SK  TImm  trutbs  iUnalctttod  hy  ea- 
p«rixnont.  Let  d  c  a  be  a  glass  tube, 
curved  like  a  siphon,  the  upper  extremity 
open  to  the  air,  the  other  closed ;  let  the 
tube  be  half  filled  with  mercury,  so  that 
it  will  enclose  about  an  inch  of  air  in 
the  short  L*g,  and  a  drop  of  liquid  ether  be 
introduced  in  such  a  way  as  to  rise  throu;5h 
the  miircury,  and  enter  the  space  filled  with 
air ;  this  may  be  readily  done  by  a  skillful 
manipulation  of  the  apparatus.  As  soon  as 
the  liquid  reaches  the  confined  air  the  mer- 
cury in  the  short  leg  will  be  depressed  below 
its  former  level  ^  this  depression  is  due  to 
the  clastic  force  of  the  vapor  of  other 
formed.  If  the  tube  be  dipped  into  warm 
water,  at  temperature  of  100°  Fig.  81,  the 
column  of  mercury  will  be  still  further  de- 
pressedf  and  the  more  as  the  temperature 
Jhe  amoutu  and  eUvttidty  rises ;  if^  on  the  Contrary,  the  temperature 
^-^''T/m'^^JiIrr'''"  l^e  diminished,  the  column  of  mercury  in 
the  short  leg  will  ri^e,  showing  that  the 
elastic  force  is  diminished.     From  this  experiment,  it  is  clear 


109.  Prore  this  C&ct  by  experiment.    Describe  Ffg.  81. 
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that  the  liquid  ether  introduced  into  confined  air  \s  not  prevented 
from  passing  into  vapor  by  the  pressure  of  the  confined  air,  nor 
by  the  pressure  of  the  excess  of  ihe  column  of  mercury  in  the 
long  leg  over  that  in  the  short  log,  nor  by  the  aimospheric  press- 
ure which  is  operating  upon  the  mercury  through  the  open  end 
of  the  tube,  but  that  it  proceeds  in  spite  of  these  opposing  forces, 
and  even  acts  against  the  whole  pressure  of  the  atmosphere  at  d. 
It  further  appears  that  this  elastic  force  is  increased  by  heat,  and 
is  diminished  by  cold.  If,  instead  of  leaving  a  space  filled  wiih 
air  in  the  short  leg  of  the  tube,  it  be  entirely  filled  with  mer- 
cury, and  a  drop  of  liquid  ether  introduced,  the  same  effect  will 
result;  the  mercury  will  be  immediately  depressed  in  the  fhort 
leg,  and  the  more,  the  higher  the  temperature  employed ;  it  will 
also  be  seen  that  the  vapor  foimed  is  an  elastic,  transparent,  and 
invisible  fluid,  like  the  air. 

200.  The  rapidity  of  evaporation  Taries  with  the  preM- 
vre  to  bo  oTorcome;  in  a  Vacnnm,  it  ii  instantaneous.  In  the 
preceding  experiment  the  evaporation  of  the  liquid  goes  on  very 
slowly  and  gradually,  on  account  of  the  pressure  of  the  mercury 
and  of  the  atmosphere,  which  must  first  be  overcome ;  if  this 
pressure  be  diminished  it  will  proceed  more  rapidly ;  if  it  be 
entirely  removed,  the  evaporation  will  be  instantaneous.  In  a 
vacuum,  this  counteracting  pressure  is  entirely  removed,  and 
consequently,  if  a  small  portion  of  any  vaporizable  liquid  be 
introduced,  its  vapor  will  immediately  fill  the  whole  of  the  va- 
cant space.  The  quantity  and  elasticity  of  the  vapor  will  depend 
upon  the  temperature,  and  they  will  both  be  precisely  the  same 
as  though  the  evaporation  had  taken  place  in  air  at  the  fame 
temperature,  instead  of  a  vacuum;  the  only  difference  in  the 
two  cases  will  be  that,  in  a  vacuum,  the  evaporation  takes  place 
instantaneously,  while  in  the  air,  time  is  required  for  its  difi'u- 
sion,  owing  to  the  pressure  which  the  air  exerts ;  and  in  the 
vacuum,  the  elasticity  of  the  vapor  is  the  only  force  tending  to  de- 
press the  mercury,  while  in  air,  the  elasticity  of  the  vapor  addeil 
to  that  of  the  air,  is  the  depressing  force,  and  consequently  pro- 
duces a  greater  effect.  This  may  readily  be  proved  by  the  fol- 
lowing experiment.  Let  a.  Fig.  82,  be  a  glass  tube,  about  36 
inches  in  length,  open  at  the  lower  end,  and  let  it  be  completely 
filled  with  mercury,  closed  with  the  finger,  and  inverted,  in  a  vessel 
also  of  mercury.    As  soon  as  the  finger  is  withdrawn,  the  mercury 

200.  What  effect  hiu  proMore  upon  the  npldity  of  eraporation?    How  does  orapora* 
tton  proceed  in  a  racaum  ?  .   r 
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Fig.  82.  ^iii  at  once  sink  in  the  tube  till 

4  BCD?  the  height  of  the  top  of  the  col- 

umn above  the  level  of  the  mer- 
cury in  the  lower  vessel  is  about 
30  inches.  The  reason  of  this  i?, 
that  the  weight  of  a  eohimn  of 
mercury  of  this  height  is  exactly 
equal  to  the  weight  of  a  column 
of  air  of  an  equal  base,  extending 
to  the  extreme  limits  of  the  at- 
mosphere, and  the  column  of 
mercury,  and  that  of  air,  exactly 
balance  eacli  other.  All  the  space 
in  the  interior  of  the  tube,  above 
30  inches,  is  entirely  free  from 
air,  and  a  perfect  vacuum,  some- 
times called  the  torricellian  vacu- 
um,* after  Torricelli,  a  celebrated 
Italian  philosopher.  If  now,  a 
drop  of  ether  be  introduced  into 
the  open  end  of  the  tube,  be- 
neath the  mercury,  it  will  rapidly 
rise,  in  consequence  of  its  supe- 
rior lightness,  imtil  it  reaches 
the  vacant  space ;  a  portion  of  it  will  then  immediately  flash  into 
vapor,  and  the  elasticity  of  the  vapor  formed  will  at  once  depress 
the  mercury  considerably  below  the  point  at  wliich  it  stood  a 
moment  before,  as  is  seen  in  the  tubes  b,  d,  &  £.  The  quantity 
and  elasticity  of  the  vapor  will  in  all  cases  be  exactly  propor- 
tional to  the  temperature,  and  the  mercury  will  continue  to  sink 
until  as  much  of  the  liquid  ether  has  evaporated  as  the  tem- 
perature is  capable  of  sustaining  in  the  vaporous  state.  The 
vacuum  will  then  be  saturated  with  vapor,  i.  e.,  it  will  hold  as 
much  vapor  as  is  capable  of  existing  in  it  at  that  particular  tem- 
perature. If  the  temperature  be  elevated  above  this  point, 
more  ether  will  be  evaporated,  and  the  mercury  still  further 
depressed ;  if  the  temperature  be  lowered,  some  of  the  vapor 
will  be  condensed  into  the  liquid  state  again,  and  the  mercury 
will  rise. 

201.   The   amount  of  evaporation  of  diflbrent    liquids  in 
a  vacunm,  at  the  same  temperature,  is  uneqnal.    Let  the  four 

Deaciihe  tho  experiment  by  which  thiR  Is  proved.— 201.  Show  UuU  Uie  lapldltj  of 
evapontion  of  differeot  liquids  in  a  vacuum  is  unequal. 


T!ie  rate  of  evap«nUion  of  d\ffertnt 
Liquids  unequal. 
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Fig.  88. 


I 


a 


tubes,  A,  B,  B,  E,  Fig,  82,  be  all  filled  with 
mercury,  in  the  manner  already  described, 
and  let  the  mercury  in  each  have  sunk  to 
30  inches,  leaving  a  vacuum  above  it  in  eacl 
tube ;  let  the  tube  A  be  preserved,  unchanged, 
as  a  standard  for  the  othere,  and  in!o  the 
tubes  B,  D,  and  e,  let  some  drops  of  water, 
alcohol  and  ether,  be  respectively  introduced. 
As  soon  as  they  reach  the  vacuum  in  the  up- 
per part  of  each  tube,  the  mercurial  column 
in  each  case  will  be  depressed,  but  not  to 
the  same  extent  in  all.  In  the  tube  d,  con- 
taining the  alcohol,  it  will  be  more  depressed 
than  in  the  tube  b,  and  in  the  tube  e,  much 
more  depressed  than  in  either  b,  or  d.  This 
shows  that,  at  the  same  temperature,  the 
vapors  of  different  liquids  do  not  possess  the 
same  elastfc  force ;  at  68°  the  elastic  force 
of  the  vapor  of  ether  is  nearly  25  times 
greater  thim  that  of  the  vapor  of  water. 

202.  The  elastic  force  of  the  vapor  in 
a  eatmrated  space  does  not  vary  with  the 
pressure  to  which  it  is  subjected ;  but  It  does 
▼ary  with  the  temperatore.  Let  Fig,  83 
represent  a  barometer  tube,  completely  filled 
with  mercury,  dipping  into  a  deep  cistern  of 
iron,  c  also  filled  with  the  same  fluid.  On 
introducing  a  few  drops  of  ether  beneath  the 
lower  edge  of  the  tube,  it  will  rise  to  the 
upper  part,  and  will  there  evaporate.  By 
this  formation  of  vapor,  the  mercurial  col- 
umn will  be  depressed,  and  at  the  same  time 
a  small  portion  of  liquid  ether  will  float  upon 
its  upper  surface,  at  «.  The  elastic  force  of 
this  euelosed  vapor  is  measured  by  the  dis- 
tance to  which  it  depresses  the  mercurial 
column.  If  its  elasticity  be  increased,  the 
column  of  mercury  is  lowered ;  if  it  be  di- 
minished, the  mercurial  column  rises;  if  it 
remains  unchanged,  the  height  of  the  mercu- 
rial column  above  the  level  of  the  mercuiy 
in  the  vessel  be'ow,  remains  unchnn^ed. 
Now,  if  the  barometer  tube  be  deprej-sed  by 
the  hand  in  the  lower  vessel,  this  will  tend 
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Fig.  84. 


to  drive  the  mercury  farther  up  the  tube,  and  compress  the 
vapor ;  if,  on  the  contrary,  the  tube  be  raised  out  of  the  vessel, 
the  mercury  will  tend  to  fall,  and  the  pressure 
on  the  vapor  will  be  diminished.  In  either 
case,  no  effect  whatever  is  produced  in  the 
height,  «,  of  the  mercurial  column,  /,  above 
the  level,  e,  n,  of  the  mercury  in  the  vessel 
below.  The  elastic  force  of  the  vapor,  there- 
fore, whether  it  be  compressed,  or  expanded, 
remains  the  same.  When  compi'ession  takes 
place,  in  consequence  of  driving  the  tube 
down,  a  portion  of  the  vapor  is  condensed  into 
the  liquid  state  again,  and  the  ela-^tic  force  of 
the  vapor  which  remains,  continues  the  same 
a^  before.  When  the  pressure  is  diminished 
by  drawing  the  tube  up,  an  additional  amo  int 
of  the  ether  evaporates,  which,  adding  its 
elasticity  to  that  of  the  original  vajwr,  pre- 
serves its  elastic  force,  unchanged.  The 
lieight  of  the  column  of  mercury  remains, 
therefore,  the  same,  whether  the  tube  be  ele- 
vated, or  depressed ;  but  the  amount  of  liquid, 
ether  above  the  mercury  varies  considerably. 
As  the  tube  is  lowered,  the  mercury  rises,  and 
the  space  occupied  by  the  vapor  contracts  at 
the  same  rate,  while  the  amount  of  liquid 
ether  increases ;  as  the  tube  is  elevated,  the 
mercury  shiks,  and  the  space  occupied  by  the 
vapor  increases  at  the  same  rate,  while  the 
amount  of  liquid  ether  is  diminished. 

It  is  far  otherwise  when  the  temp$rature 
is  made  to  vary.  Let  a  similar  barometer 
tube  have  placed  over  it  another  tube,  con- 
siderably larger  than  itself,  and  closed  at  the 
Temperature.  bottom.  Fig,  84,  and  let  hot  water  be  poured 
!nto  this  tube,  the  increased  temperature  causes  an  additional 
portion  of  ether  to  evaporate  in  the  barometer  tube,  and  a  cor- 
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202.  Doefl  the  eltmtic  Ibrce  of  a  mpor  WKry  with  the  prewiure  to  which  it  if*  nubjected, 
or  .\\ia  ttA  temperature?  Prove  this  by  experimtnt.  Explain  the  increaw  in  the  vol- 
ume of  liquid  ether  by  increasing  the  preuure.  Explain  the  diminution  in  its  Tolumo 
bv  the  remoral  of  pressure.  Why,  in  both  cases,  does  the  height  of  the  column  of  mer- 
cur>  remiiin  the  same?  What  is  the  efEect  of  applying  hot  water  to  a  portion  of  the 
tube  only  ?  Why  can  not  the  elastic  force  of  vaiKNr  rise  above  thai  due  to  the  tempvn- 
tore  o(  the  ookkst  part  of  the  vessel? 
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responding  increase  in  the  elasticity  of  the  original  vapor,  by 
which  the  column  of  mercury  is  rapidly  depressed.  As  water 
of  higher  temperature  is  employed,  the  effect  is  increased,  and 
finally,  when  the  boiling  point  of  the  ether  is  reached,  the  elas- 
ticity of  the  vapor  is  great  enough  to  drive  the  mercury  entirely 
out  of  the  tube ;  or,  in  other  words,  its  elastic  force  is  exactly 
equal  to  that  of  the  surrounding  air ;  if  a  higher  temperature 
than  the  boiling  point  be  employed,  its  elasticity  becomes  great- 
er than  that  of  the  surrounding  air,  and  can  be  made  to  sus- 
tain a  column  of  mercury  varying  in  height  with  the  tempera- 
ture employed.  On  the  contrary,  if  this  process  be  reversed, 
and  the  temperature  surrounding  the  barometer  tube  be  dimin- 
ished, the  elastic  force  of  the  vapor  will  be  diminished,  and  the 
mercurial  column  will  rapidly  rise  until  it  has  attained  the 
height  of  30  inches.  The  above  statements,  however,  only 
hold  good  po  long  as  the  tube  is  heated  uniformly  through  its 
whole  extent;  if  only  a  portion  of  the  tube  be  heated,  a  veiy  dif- 
ferent result  takes  place ;  the  additional  vapor  formed  in  the 
liot  portions  of  the  tube  is  condensed  again  in  tho?e  which  are 
not  thus  heated,  and  consequently  there  is  no  steady  and  pro- 
gressive increase  of  the  elastic  force ;  this  force  can  never  ex- 
ceed that  which  the  vapor  foi-med  in  the  coolest  pait  naturally 
]>ossesses,  because  the  excess  of  vapor  is  at  once  condensed 
as  Foon  as  it  reaches  this  colder  space.  In  other  words,  its 
c!a-5tic  force  can  never  rise  above  that  due  to  the  lowest  temper- 
ature which.prevails  anywhere  within  the  tube;  thus  if,  instead 
of  applying  liot  water  along  the  whole  length  of  the  tube,  in  the 
last  experiment,  the  hand  be  simply  applied  at  the  upper  part 
of  the  tube,  the  ether  may  be  made  to  boil,  but  the  height  of 
the  column  of  mercury  is  but  little  affected,  for  the  additional 
ether  vapor  produced  is  at  once  condensed,  and  its  elastic  force 
destroyed  in  those  parts  of  the  tube  which  remain  unheated. 
From  what  has  been  said  it  is  evident  that,  in  order  to  increase 
the  elastic  force  of  vapor,  it  is  necessary  to  confine  or  compress 
it,  and  at  the  Fame  time  raise  its  temperature.  If  it  be  com- 
pressed on?y,  the  effect  is  merely  to  condense  a  portion  of  it 
into  water,  leaving  its  elastic  force  unchanged ;  if  it  be  heated, 
simply,  without  being  compressed  or  confined,  it  expands  indefi- 
nitely, and  its  elastic  force  also  remains  unchanged.  These 
facts  are  of  fundamental  importance  in  the  steam  engine.  To 
obtain  mechanical  power  from  steam,  it  must  be  both  compressed 
and  heated,  and  this  is  the  reason  why  a  very  strong  boiler, 
and  a  very  hot  fire,  are  necessary  to  develop  the  mechanical 
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power  of  steam  from  the  inert  state  in  which  it  exists  at  the 
time  of  its  first  formation. 


Table  of  the  elastic  farce  of  the  vapor 

of  Water  at  differetii  temperatures : 

Pressure 

Volume  of  Vapor 

compared  with  that 

of  the  Water 

Tanpentnra. 

Inches  of  Mercury 

Pounds  per 

square  inch. 

producing  ic  as  1. 

—40 

0.062 

0.0256 

650688 

140 

0.104 

0.06 

842984 

820 

0.199 

0.10 

182323 

50* 

0.873 

0.18 

102670 

100.04 

1.873 

0.92 

22613 

150.^8 

7.530 

3.69 

6114 

201. "2 

24.062 

11.80 

2075 

212.° 

29.921 

14.67  or  15 

1696 

The  elastic  force  of  all  vapors,  if  compared  at  temperatures 
equally  distant  from  their  boiling  points,  whether  above  or  below 
them,  is  very  nearly  equal.  Thus  water,  at  242*^,  i.  e.,  3^0** 
above  212°,  its  boiling  point,  has  an  elastic  force  of  52.90  inches 
of  mercury.  Ether,  at  134°,  30°  above  104°,  its  boiling  point, 
has  an  elastic  force  of  50.9  inches.  Water,  at  182°,  30°  below 
212°,  has  an  elastic  force  of  16  inches.  Ether,  at  74°,  30° 
below  its  boiling  point,  104°,  has  an  elastic  force  of  1 6.10  inches, 
i.  e.,  the  elasticity  of  these  two  vapors,  at  the  above  tempera- 
tures, is  very  nearly  equal. 

203.  The  elastic  ferce  ef  vapor  in  two  cennectiair  vessels 
of  different  temperatnre  can  not  rise  above  the  elastic  force 
of  the  colder  vosseL  When  two  vessels,  containing  the  same 
liquid,  at  different  temperatures  are  connected  by  a  tube  com- 
manded by  a  stop-cock,  so  long  as  the  stop-cock  is  closed,  the 
elasticity  of  the  vapor  in  the  hotter  vessel  is  proportionably 
greater  than  that  of  the  vapor  in  the  colder.  If  the  stop-cock 
be  opened,  and  a  communication  established  between  them,  the 
ela4icity  of  the  whole  apparatus  will  ^t^be  the  mean  of  that 
which  existed  in  the  two  vessels  previously,  but  that  which  cor- 
responds to  the  temperature  of  the  colder.  Let  the  vessel  a, 
in  Fig.  85,  containing  water  at  the  temperature  of  32°,  be 
placed  in  a  vessel  of  pounded  ice,  and  let  the  vessel  b  contain 
water  at  the  temperature  of  212°.  As  long  as  the  vessels  do 
not  communicate,  the  pressure  in  the  vessel  a  will  be  measured 


206.  What  It  ihe  clutlo  Ibroe  of  vapor  contained  in  two  connecting  tmscIs  which  an 
nneqaatly  boated?    Ptot«  thia  ftct  by  experiment. 
8* 
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the  daaiie  /one  of  vapor  in  two  eonneetMg  veasds  of  different  tanper&htn 
can  not  nte  abate  the  daanic  force  qf  the  coider  vessel, 

by  a  a^umri  of  mercury  0.199  inches  in  height;  in  the  vessel 
B,  by  a  cohimn  29.921  inches  in  height.  But  as  soon  as  the 
comrounication  is  established,  by  opening  the  stop-cock  c,  the 
vapor  in  b,  in  consequence  of  its  high  pressure,  rushes  over  into 
the  vessel  a,  where  it  is  immediately  condenped,  thereby  di- 
minishing the  pressure  in  b,  and  continues  to  do  ?o  until  the 
pressure  in  b  is  brought  down  fo  the  same  point  as  the  pressuie 
in  A.  In  such  ca«^es  the  pressure  becomes  equal  in  the  two  ves- 
sels and  can  not  rise  above  that  which  is  proper  to  the  lowest 
of  the  two  temperatures.  This  is  a  principle  of  the  greatest 
importance  in  the  operation  of  the  steam  engine,  and  8l:ow.s 
how  it  is  that  when  the  communication  is  opened  between  the 
condenser  and  tlie  end  of  the  cylinder  towards  which  the  pi.-ton 
is  moving,  the  pres-ure,  or  tension  of  the  steam  in  that  end  of 
the  cylinder  is  brought  down  at  once  to  the  degree  corresponding 
to  the  temperature  of  the  condenser,  and  this  without  at  all  di- 
minishin;^  the  temperature  of  the  cylinder.  If  the  tempei-ature 
of  the  conden^^er  be  kept  at  32°,  the  steam  from  the  cylinder  is 
condensed  into  water  as  fast  as  it  enters,  and  the  elastic  force  of 
the  vapor  eventua'ly  left  in  the  cylinder  is  reduced  to  ihe  tension 

Wliat  connection  hM  thi«  tswt  with  the  eocape  of  ttteam  fWnn  the  cylindenof  the  Ftcnm 
enicine  into  the  condenser?  In  what  did  the  improvement  of  Watt,  in  the  steani  engine, 
eonsi^t?  Show  how  a  Tacuum  may  be  produced  in  the  cvlinder.  Ulkat  suggested 
ihe  idea  to  Mr.  Watt?  ^         f  m 
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due  to  the  temperature  of  82*^,  L  e.,  0.199  in.  This  tension  is  so 
small  that  a  nearly  perfect  vacuum  is  thus  produced  througliout 
both  the  cylinder  and  the  condenser.  This  was  the  capital  im- 
provement made  in  the  steam  engine  by  Mr.  Watt.  Being 
asked,  in  1817,  whether  he  recollected  how  the  first  idea  of  his 
great  discovery  came  into  his  mind,  he  replied,  **  Oh  ye^  per- 
fectly ;  one  Sunday  afternoon  I  had  gone  to  take  a  walk  on  the 
green  of  Glasgow,  and  when  about  h«df  way  between  the  Herd's 
house  and  Am's  well,  my  thoughts  having  been  n-.iturally  turned 
to  the  experiments  I  had  been  engaged  in  for  saving  heat  in  the 
cylinder,  at  that  part  of  the  road  the  idea  occurred  to  me  that, 
a^  steam  was  an  elastic  vapor,  it  would  expand  and  rush  into  a 
previously  exhausted  space ;  and  that  if  I  were  to  produce  a 
vacuum  in  a  separate  vessel,  and  open  a  communication  between 
the  steam  in  the  cylinder  and  the  exhausted  vessel,  such  would 
be  the  consequence." 

204.  Tho  rate  of  the  ovaperation  of  different  Liquide  in  the 
air  is  diflbrent.  It  has  been  shown  that  the  rate  of  evaporation 
of  different  liquids  in  the  torricellian  vacuum  is  different.  The 
same  is  also  true  of  their  evaporation  in  air.  If  the  tubes  in 
the  apparatus  before  described,  Fig.  82,  be  half  filled  with  mer- 
cury, and  then  inverted  in  a  vessel  of  the  same  liquid,  the  upper 
part  of  each  tube  will  be  filled  with  air ;  now  let  a  few  drops 
of  water,  alcohol  and  ether,  be  introduced  into  the  three  tubes 
respectively,  and  it  will  be  found  that  almost  immediately  the 
mercury  will  be  unequally  depressed  in  each  tube.  The  great- 
est depression  will  take  place  in  the  tube  into  which  the  ether 
has  been  introduced,  and  the  least  in  the  one  into  which  the 
water,  while  the  tube  containing  the  alcohol  will  exhibit  a 
depression  intermediate  between  the  two.  This  8ho^v8  conclu- 
sively that  different  liquids  evaporate  in  air  with  different  de- 
grees of  rapidity.  The  same  fact  may  be  proved  by  exposing 
to  the  air  equal  quantities  of  the  same  liquids  in  vessels  of  equal 
size ;  the  ether  will  disappear  with  the  greatest  rapidity,  water 
with  the  least ;  and  those  liquids  will  be  found  to  evaporate 
with  the  greatest  rapidity  whose  boiling  point  is  the  lowest. 
Mo^t  liquids  are  susceptible  of  this  gradual  dissipation,  and  even 
so  lie  solids  such  as  camphor  and  ice,  both  of  which  waste  away 
when  exposed  to  the  air, without  undergoing  liquefaction.  That 
mercury  evaporates,  may  be  shown  by  suspending  a  bit  of  gol  1 
'  leaf  in  a  bottle  partly  filled  with  this  liquid ;  in  a  few  weeks  the 

204.  Ik  the  rate  of  erapofation  of  different  liquids  in  Uie  air,  as  well  as  in  a  vacuum, 
diiforent?    ProTe  this  by  experiment. 
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lower  part  of  the  gold  leaf  will  become  white  from  the  condi^n- 
sation  of  the  vapor  of  mercury  upon  it  In  general,  the  pro- 
cess of  evaporation,  for  every  liquid,  goes  on  precisely  the  same 
in  air  as  in  a  vacuum,  except  in  rapidity.  In  the  case  of  a 
vacuum,  the  vessel  acquires  the  full  complement  of  vapor  due 
to  the  temperature  instantaneously ;  in  the  ca.«e  of  air,  there  is 
a  mechanical  impediment  to  the  rise  of  vapor  which  retards  the 
process,  but  eventually  the  vessel  will  contain  the  same  quantity 
of  vapor  when  the  thermometer  is  at  the  same  height,  whether 
it  be  empty,  or  full  of  air. 

205.  The  preience  of  Vapor  in  Air  affects  its  balk  and  den- 
sity. When  a  liquid  evaporates  into  the  air  contained  in  an 
open  flask,  a  portion  of  the  air  is  expelled,  in  consequence  of 
the  additional  bulk  imparted  to  it;  and  the  gaseous  contents 
of  the  flask  will  consist  of  a  mixture  of  air  and  the  vapor  of 
the  evaporating  liquid.  Whether  these  gaseous  contents  gain- 
in  weight,  or  not,  will  depend  upon  the  density  of  the  vapor  in 
question ;  if  it  be  lighter  than  air,  the  gaseous  contents  of  the 
flask  will  weigh  less  than  before ;  if  heavier,  they  will  weigh 
more.  Watery  vapor  is  considerably  lighter  than  air,  and  con- 
sequently air,  saturated  with  moisture,  weighs  considerably  less 
than  peH'ectly  dry  air ;  this  may  be  one  reason  of  the  fall  of  the 
barometer  just  previous  to  a  storm,  viz.,  the  gradually  increas- 
ing quantity  of  watery  vapor  in  the  air.  If^  on  the  other  hand, 
the  vapor  of  the  liquid  be  heavier  than  air,  as  in  the  case  of  the 
vapor  of  bromine,  the  weight  of  the  gaseous  contents  of  the  flask 
will  be  increased,  and  it  wiU  support  a  higher  mercurial  col- 
umn. 

Table  of  dentity  of  Vapors  at  the  Innling  point  of  their  liquids  respect- 
ively cmnpared  with  that  of  Air, 


Air, 1.000 

Steam, 0.6235 

Alcohol, 1.6188 

Ether, 2.5860 


Bi-Sulphide  Carbon,    .     .  2.6447 

Spirit  of  Turpentine, .     .  8.0180 

Mercury, 6.976 

Iodine, 8.716 


From  this  table  it  is  apparent  that  the  density  of  steam,  at 
212°,  and  of  watery  vapor  in  general,  is  much  less  than  that  of 
air.  This  fact  explains  the  rapid  rise  of  steam  in  the  air  when 
discharged  from  the  escape  pipe  of  a  steam  engine. 

206.  What  effect  has  the  presence  of  watery  rapor  in  the  air  upon  its  bulk  and  density  ? 
Why  does  mobt  air  weigh  lees  tlian  an  eqnal  bulk  of  dry  air  ?  What  effect  baa  the 
mc^ture  in  the  atmosphere  upon  the  height  of  the  mercury  in  the  barometer? 
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200.   Circnmstancdi  which  inflaonce  evaporation.      The 

same  liquid  evaporates  with  different  degrees  of  rapidity  at  dif- 
ferent times.  The  circumstances  which  chiefly  influence  evapo- 
ration are,  extent  of  surface,  and  the  state  of  the  air,  as  to  tem- 
])erature,  dryness,  stillness,  and  density. — Ist.  Extent  of  Sur- 
face. As  evaporation  takes  place  only  from  the  surface  of 
liquids,  it  is  obvious  that  its  rapidity  must  depend  upon  the  ex- 
tent of  surface  exposed ;  a  given  quantity  of  water  will  evapo- 
rate four  times  as  quickly  from  a  vessel  two  feet  square,  as  it 
will  from  a  vessel  one  foot  square. — 2d.  Temperature.  The 
effect  of  heat  in  hastening  evaporation  may  be  shown  by  put- 
ting an  equal  quantity  of  water  in  two  saucers,  one  of  which  is 
plaL-ed  in  a  warm,  the  other  in  a  cold  situation;  the  former  will  be 
quite  dry  before  the  liquid  in  the  other  is  perceptibly  diminished. 
Elevation  of  temperature  in  the  air,  in  the  evaporating  liquid,  and 
in  the  vessel  containing  it,  always  quickens  evaporation. — 3d. 
State  of  the  air  as  to  moisture  and  dryness.  As  the  amount  of 
vapor  which  can  exist  in  the  air  is  limited,  and  depends  upon 
its  temperature,  it  is  evident  that  if  the  air  be  saturated  with 
moisture,  no  more  can  be  evaporated,  and  that,  in  proportion  as 
it  approaches  saturation,  must  the  process  of  evaporation  be  re- 
tarded. Whereas,  if  the  air  contain  but  little  vapor,  it  can 
readily  take  up  a  large  additional  amount,  and  the  process  of 
evaporation  must  be  proportionably  hastened.  In  dry,  cold 
days,  in  winter,  the  evaporation  is  exceedingly  rapid ;  whereas, 
if  the  air  conta'n  much  moisture,  it  proceeds  very  slowly,  even 
though  the  air  be  warm. — 4th.  Stillness  of  the  air.  Evaporation 
is  much  slower  in  still  air  than  in  a  current.  The  air  immedi- 
ately in  coatac^t  with  the  water  becomes  saturated  with  vapor, 
and  a  check  is  soon  put  to  evaporation ;  if,  however,  the  air  be 
removed  as  fast  as  it  has  become  charged  with  vapor,  and  its 
place  supplied  with  fresh,  dry  air,  the  evaporation  continues 
w^ithout  interruption.  This  is  the  rea-'on  why  evaporation  pro- 
ceeds with  so  much  rapidity  upon  a  windy  day. — 5th.  Pressure 
has  also  a  marked  efl^ect  upon  evaporation ;  if  the  atmospheric 
pressure  be  diminished,  evaporation  goes  on  more  rapidly,  be- 
cause there  is  less  resistance  to  be  overcome ;  on  the  other  hand, 
increase  of  pressure,  by  increasing  the  resistance  to  be  over- 
co.ne,  tends  to  retard  the  process. 

207.   Absorption  of  Beat  in  Evaporation.— Diminution  of 
Temperatoro.    The  most  important  fact  connected  with  evapo- 

208.  Stete  the  circumstancei  which  influence  eTapomtion     What !« the  effect  of  extent 
ofaorikoeT    Of  temperature  ?    Of  mobture  and  di>'ue«8  ?    Ofstilln«M?    Prewure? 
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ration,  as  with  ebullition,  is  the  absorption  and  disappearance 
of  a  hirge  amount  of  heat ;  and  what  strikes  one  at  first  as  very- 
singular,  more  heat  is  absorbed  in  this  process  than  when  water 
bo  .Is  at  212**.  For  it  has  been  found  that  the  lower  the  tem- 
perature at  which  a  vapor  is  formed,  the  greater  the  amount  of 
its  latent  heat ;  and  that  the  sum  of  the  insensible  and  sensible 
heat  in  vapor  formed  at  all  temperatures  is  very  nearly  a  con- 
stant quantity ;  the  higher  the  sensible  heat  of  vapor,  the  smaller 
the  amount  of  its  insensible  heat,  and  the  lower  the  sensible 
heat,  the  larger  the  amount  of  its  insensible  heat.  Thus,  a  cer- 
tain weight  of  vapor  at  100**,  condensed  in  a  receiver  contain- 
ing water  at  32°,  gives  out  according  to  Clement  §187,  p.  157. 

Sensible  beat, 68«*. 

Latent  heat, 1062'>.     Total,  .  .  1130^ 

The  same  weight  of  vapor  at  212^,  condensed  at  32®,  gives  out 

Sensible  heat, 180«*. 

Latent  heat, ft50«.     Total,  .  .  II80*». 

It  is  quite  evident,  then,  that  the 
vapor  formed  at  100°  contains  more 
latent  heat  than  the  vapor  at  212°, 
in  the  proportion  of  1062°  to  950°. 
In  consequence  of  the  large  amount 
of  heat  absorbed  in  evaporation,  the 
temperature  of  the  evaporating  liquid 
is  much  reduced,  and  great  cold  is  the 
result.  The  fact  of  the  absorption  of 
heat,  and  of  the  production  of  cold  by 
evaporation,  can  readily  be  proved 
by  pouring  a  little  ether  on  the  hand, 
or  on  the  bulb  of  a  thermometer  cov- 
ered wiih  linen,  Fig,  86.  The  more 
volatile  the  liquid,  and  the  more  the 
process  be  hastened  by  artificial 
means  the  greater  the  degree  of  cold. 
Consequently,  ether  produces  a  great-, 
er  degi-ee  of  cold  than  water  or  alco- 
hol, and  if  a  current  of  air  be  blown 
over  it,  the  cold  becomes  sufl^ciently 
intense  to  freeze  water  without  difii- 

Cold  produced  by  Evaporation.         Culty . 

a07.  What  is  the  mo^t  striking  f  ict  connected  with  evAporation  ?  Is  the  abnorption 
of  hmt  more,  or  l«.<ut,  than  in  ebullition  ?  Wuat  effect  has  evaporaiion  upon  tempvra- 
turt  7    llow  can  thid  tact  be  prored  ? 
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dOd.  ttemovall  of  altmospheirie  ^ssnre  hasfeiii  Etrapd- 
raiion  and  inereaiet  tho  Intensity  of  the  Cold.  It  has  been 
shown  that  water  boils  at  a  lower  temperature,  and  with 
much  greater  rapidity,  when  the  atmospheric  pressure  is  dimin- 
ished ;  and  if  the  pressure  of  the  atmosphere  be  entirely  re- 
moved, water  may  even  be  made  to  boil  at  70°,  i.  e.,  142*^ 
below  its  ordinary  point  of  ebullition ;  for  the  same  reason  tlie 
rapidity  of  evaporation  is  greatly  increased  by  the  diminution 
of  the  atmospheric  pressure,  and  it  becomes  most  rapid  when 
this  pressure  is  entirely  removed  by  the  use  of  the  air 
pump.  The  more  rapid  the  evaporation,  the  greater  is  the  de- 
gree of  cold  produced.  In  the  open  air,  the  cooling  effects  pro- 
duced by  the  evaporation  of  water  are  not  strikingly  apparent, 
bei-ause  the  process  is  comparatively  slow,  and  therefore  the 
quantity  of  heat  abstracted  from  any  substance  by  the  vapor,  in 
any  given  time,  is  but  little  more  than  it  receives  fix)m  suri-ound- 
ing  objects ;  its  temperature,  therefore,  is  but  slightly  diminished. 
Bat  when  water  is  placed  in  a  vacuum,  its  evaporation  is  very 
rapid,  and  did  not  the  vapor  speedily  completely  fill  the  vacuum, 
and  thus  prevent  fiirther  evaporation,  its  temperature  would 
soon  sink  low  enough  to  freeze.  If  the  vapor  that  rises  from 
the  water  be  removed  as  Doon  as  it  is  formed,  by  some  substance 
placed  within  the  receiver  whi?h  has  a  strong  chemical  affinity 
for  water,  like  sulphuric  acid,  or  chloride  of  calcium,  so  that  the 
completeness  of  the  vacuum  is  permanently  maintained,  water 
can  readily  be  frozen  by  its  own  evaporation.  In  Fig.  87,  the 
upper  pan  is  filled  with  water,  and  the 
Fig.  87.  lower  with  sulphuric  ac'd ;  the  watcy 

vapor  is  absorbed  by  the  latter  nearly  as 
fast  as  it  is  formed,  and  a  gentle  work- 
ing of  the  pump  i§  generally  sufficient 
to  freeze  the  water  in  a  few  moments. 
Or,  if  water  be  placed  in  small  quan- 
t^*y,  as  a  drop,  for  instance,  upon  a  piece 
of  cork,  or  some  other  substance  of  poor 
conducting  power  for  heat,  so  that  it  will 
not  readily  supply  to  it  the  heat  which 
Water  jreexing  in  a  Vacuum,  is  carried  off  in  evaporation,  the  drop 
of  wa^or  m\y  be  easily  frozen  under 
the  exhausted  receiver  of  an  air  pump.     In  Fig,  87,  if  the  up- 

206.  What  effect  hM  the  rpmoval  of  ntmonpheric  preftsure  upon  the  degree  of  cold  ? 
Show  how  water  may  be  frozen  by  the  evApomtion  of  ether  under  the  receiver  of  an  air 
pomp.    Show  how  water  may  be  firoaen  by  itn  own  eTaporation. 
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per  vessel  be  removed,  a  thermometer  be  placed  in  the  lower 
vessel,  ether  poured  in,  and  a  watch  glass,  containing  a  small 
quantity  of  water,  be  placed  in  the  ether,  as  soon  as  the  exhaus- 
tion of  air  commences,  the  ether  will  begin  to  boil  at  a  tempera- 
ture considerably  below  32*^,  and  the  water  will  be  speedily 
frozen.  By  the  application  of  this  principle  water  may  be  fix)Zf*n 
in  considerable  quantities.  By  an  exhaust  pump,  worked  by 
a  steam  engine,  the  atmospheric  pressure  is  removed  from  the 
surface  of  ether  confined  in  a  metal  cylinder  placed  horizontally 
in  a  tank  of  salt  water.  The  ether  flashes  into  vapor,  taking 
the  heat  necessary  to  its  existence  in  this  condition  from  the 
surrounding  salt  water,  which  is  thus  cooled  down  to  25^. 
Salt  water  is  used  becauce  it  does  not  congeal  at  this  low  point. 
The  salt  water  thus  cooled,  is  then  made  to  circulate  around 
copper  vessels,  tinned  on  the  inside,  and  containing  pure  water, 
which,  in  a  few  moments,  is  frozen  solid.  The  salt  water,  in  per- 
forming this  process,  increases  in  temperature  only  5°  or  6°,  and 
is  returned  by  a  pump  to  the  original  tank,  where  it  is  again 
reduced  to  25°  by  the  evaporation  of  the  ether.  Thus,  by  the 
continual  working  of  the  exhaust  pump,  evaporation  is  effected, 
heat  absorbed,  cold  produced,  and  ice  made  to  the  amount  of 
four  tons  daily.  The  vapor  of  ether  removed  by  the  pump,  is 
conveyed  through  a  spiral  tube,  surrounded  by  a  large  quan- 
tity of  cold  water,  and  condensed  again  into  a  liquid  to  be  used 
a  second  time. 

209.  The  came  of  the  cold  produced  by  Evaporation.  The 
cause  of  the  reduction  of  temperature  by  evaporation  is  simply 
this: — In  the  change  of  any  substance  from  the  liquid  to  the 
gaseous  state,  a  large  quantity  of  heat  is  absorbed  and  rendered 
latent,  and  this  heat  must  be  supplied  from  the  water  which 
remains  unevaporated.  For  every  drop  of  water  which  is 
vaporized,  the  watef  which  is  left  behind  in  the  cup  will  be 
deprived  of  as  much  heat  as  would  be  sufficient  to  raise  the 
temperature  of  a  similar  drop  1000°  if  it  were  to  remain  liquid. 
This  immense  loss  of  heat  reduces  the  temperature  of  the  water 
in  the  cup  to  the  freezing  point,  and  compels  it  to  conjreal. 
The  cold  produced  is  due,  therefore,  to  the  large  amount  of  heat 
made  latent  in  the  passage  of  a  substance  from  the  liquid  to  the 
gaseous  state. 

210.  The  Cryophoms.     This  is  a  curious  instrument,  in- 

Describe  the  process  by  -which  wnter  may  be  tmtien  upon  a  l«Tj?e  pcale  bv  the  evapo- 
ration of  ether.— 2CN).  State  the  CAuae  of  tiie  cold  produced  by  eyaporm^a.— 210.  Detcnbe 
UieCr^ophorus. 
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vented  hj  Dr.  Wollaston,  and  intended  to  illustrate  the  freez- 
ing of  water  by  its  own  evaporation.  It  consists  of  two  bulbs 
of  glass  joined  hy  a  tube.  One  bulb  is  half  filled  with  water 
and  bo.led  over  a  lamp.  As  soon  as  the  steam  has  comple:ely 
filled  .the  whole  apparatus,  and  entirely  expelled  the  air,  through 
an  orifice  left  at  tlie  extreme  end  of  the  other  bulb,  this  aperture 
is  hermetically  sealed  by  the  blow-pipe.  Nothing,  therefore,  is 
left  within  the  apparatus  but  water  and  watery  vapor ;  if  this 
vapor  bs  condensed,  a  vacuum  is  at  once  produced,  which  of 
course  favors  rapid  evaporation.  To  use  the  apparatus,  all 
the  water  is  made  to  collect  in  one  bulb,  and  the  empty  bulb  is 
then  immersed  in  a  freezing  mixture  of  Ise  and  salt,  as  repre- 
sented in  Fig.  88 ;  the  effect  is  to  condense  the  vapor  into  water. 

Fig.  88. 


.^^ 


The  Cryophorus. 

with  the  production  of  a  vacuum,  and  such  a  rapid  evaporation 
from  the  water  in  the  other  bulb,  that  it  is  soon  frozen.  The 
bulb  containing  the  water  is  prevented  from  receiving  heat  from 
tfiurrounding  objei'ts  by  a  jar  covered  with  a  pasteboard  l!d,  as 
represented  in  the  figure.  Instead  of  immersing  the  bulb  in  a 
freezing  mixture,  the  instrument  may  be  mounted  vertically  in 
the  bell  glass  of  an  air  pump,  in  such  a  way  that  its  empty 
bulb  may  dip  into  a  vessel  filled  with  ether,  placed  on  the  plate 
of  the  air  pump,  while  its  tube  passes  through  the  top  of  the 
bell,  and  its  bulb  containing  water  is  supported  in  the  air  above. 
Oil  exhausting  the  air  of  the  bell  glass,  the  ether  evaporates, 
cold  is  produced,  the  watery  vapor  in  the  bulb  is  condensed,  and 
in  a  few  moments  the  water  in  the  upper  bulb  is  frozen  by  its 
own  evaporation ;  care  should  be  taken  to  protect  it  from  the 
heat  of  surrounding  objects.  The  name  cryophorus  signifies 
froit-producer. 

Show  bow  it  may  be  made  to  act  by  losertloa  in  an  exhausted  receirer. 
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211.  The  ^Ise  Glass.    This  is  an  instnunoni  similar  to  the  . 
cryophorus,  except  that  it  is  partially  filled  with  ether  and  its 

vapor,    instead    of    water. 
^^S-89.      On  applying  the   hand  to 

/T^cb  b^^^^mn      ^"®  '^"^^'  ^^®  vapor  expand- 

\^  |hK^!!L     ing  drives  all  the  fluid  into 

^^^mmmmm^m^t^  ^^^  ^^^^^  ^ull>)  ^n^  at  length 

Put&e  Glass.  produces  the  appearance  of 

violent  boiling.  At  this  in- 
stant a  sensation  of  co!d  is  experienced  in  the  hand ;  Fig.  89. 
The  boiling  is  produced  by  the  rapid  vaporization,  fix)m  the  l;eat 
of  the  hand,  of  the  film  of  liquid  lining  the  in^side  of  the  empty 
bulb. 

212.  The  cold  produced  Iby  Fountains  and  Earthen  Water 
Jars.  Evaporation  is  frequently  employed  to  produce  cold. 
Thus  fountains,  by  throwing  up  a  large  quantity  of  water  in  the 
air,  in  fine  spray  and  drops,  expose  a  large  surface  of  liquid, 
and  the  evaporation  which  this  produces  cools  the  air  very  p<^r- 
ceptiyy.  On  the  same  principle,  a  bottle  of  wine,  surrounded 
by  a  piece  of  cotton  or  linen,  wetted  with  water  and  suppendid  in 
a  draught  of  air,  will  have  its  temperature  reduced  sevei*al  de- 
grees. The  famous  wine  coolers  used  in  Spain,  called  Alcaz- 
zarras,  depend  on  the  same  pnnciple.  These  are  large  earth<  n 
vessels,  made  of  porous  clay,  and  unglazed.  The  bottles  of  wine^ 
or  other  substance^  which  it  is  desiied  to  cool,  are  plac( d  in  the 
inside^  and  the  remaining  space  filled  with  water;  owing  to  the 
porosity  of  the  clay  the  water  oo^es  to  the  outside,  and  evapo- 
rating, Foon  reduces  the  temperature  of  the  interior  of  the  jar 
several  degrees.  The  degree  of  cold  produced  is  much  increased 
by  a  current  of  air. 

213.  BITect  of  Evaporation  upon  Animal  Life,  Evapora- 
tion takes  place  constantly  from  the  surface  of  our  bodies,  and 
thus  it  a-^ists  powerfully  in  maintaining  the  equable  animal 
temperature  essential  to  comfort  and  health.  The  natural  tem- 
perature of  the  human  body,  in  health,  is  about  98°,  and  it  can 
not  be  raised  much  above  this  pont  without  producing  serious 
discomfort,  and  permanent  injury.  Violent  exercise  always 
tend"?  to  increase  the  animal  heat,  but  the  more  violent  it  is  the 
greater  the  quantity  of  perspiration  which  is  poured  forth  uf  on 
the  surface  of  the  skin,  and  the  more  abundant  the  evaporation, 

211.  Describe  the  pulse  fl>ws.— 212.  £xp1nln  the  coolness  produced  by  fbuntAlna  Mid 
water  Jan.— 213.  What  is  the  effect  of  emporatioa  upon  the  anunal  ecoaomy  ? 
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fttrd  consequently,  the  greatei*  the  amount  of  heat  absorbed  aiiA 
carried  off.  In  this  manner  nature  regulates  the  heat  of  the  sys- 
tem, and  during  health,  sustains  the  equilibrium  of  animal  tem- 
perature. If  this  evaporation  be  checked,  the  temperature  of  the 
system  rises,  fever  supervenes,  and  the  most  injurious  coase- 
quences  of^eu  result.  In  summer,  when  tlie  temperature  of  the 
a'r  i<  nearly  as  great  as  that  of  the  human  body,  t!ie  least  exer- 
tion is  attended  with  a  very  great  increase  of  tlie  animal  tem- 
perature, and  is  inconvenient  and  oppressive ;  but  at  the  same 
time  a  copious  perspiration  is  poured  forth,  the  evaporation  of 
which  not  only  tends  to  carry  off  all  the  superfluous  heat  that 
would  le  injurious  to  the  animal  economy,  but  also  enables  man 
to  perform  much  physical  and  mental  labor,  which  otherwise 
would  be  impossible. 

214.  fiflfdet  of  fivaj^oratlon  dn  thd  temperature  of  tho  fiartli 
Had  on  Cliinatd.  The  effect  of  the  evaporation  of  the  immense 
quantity  of  water,  which  is  continually  taking  place,  is  to  lower 
the  temperature  of  the  earth  and  the  sea,  and  to  prevent  them 
from  becoming  excessively  heated  by  the  powerful  influenre  of 
the  sun's  rays.  Were  it  not  for  this,  many  portions  even  of  tlu 
temperate  regions  of  the  earth  would  be  absolutely  uninhabitable 
in  summer.  The  temperature  of  the  atmosphere  is  al  o  lowered 
by  the  same  cause.  A  portion  of  the  heat  required  by  the  vapor 
is  drawn  from  the  air,  ai  well  as  from  the  earth  and  the  sea, 
and  thus  it  is  rendered  much  less  oppressive.  The  high  tem- 
perature of  summer  is  mitigated  by  the  passage  of  water  from 
the  liquid  to  the  vaporous  state,  in  the  same  way  as  the  excess- 
ive cold  of  winter  is  moderated  by  the  passage  of  the  water 
fit)m  the  liquid  to  the  solid  state;  in  the  former  case,  va-^t 
amounts  of  heat  become  latent ;  in  the  latter,  vast  amounts  of 
heat  previously  latent,  become  sensible ;  it  is  strictly  true  that 
the  evaporation  of  water  greatly  cools  the  atmosphere,  while 
its  congelation  into  ice  and  snow  powerfully  heats  it. 

2iS.  The  effect  of  the  eondessation  of  the  watery  vapor  of 
the  air.  As  the  formation  of  watery  vapor  cools  the  air  by  the 
immense  amount  of  heat  which  it  renders  latent,  so  the  conden- 
sation of  this  watery  vapor  into  the  liquid  state  again,  tends 
powerfully  to  heat  the  air,  by  the  immense  amount  of  heat  pre- 
viously latent,  which  it  gives  out.  It  is  estimated  that  one 
lb.  of  steam  at  2 1 2°,  in  undergoing  condensation,  would  raise 
3657  cubic  feet  of  air  10°,  and  cause  it  to  expand,  in  so  doing, 

214.  0|i  the  temperature  of  the  earth,  aod  on  climate ?'216.  What  \b  the  effect  upon 
the  air  of  the  condeiuation  of  its  watery  yaporT 
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to  3733  cubic  feet  Every  pint  of  rain  which  falls  indicates 
an  equivalent  expansion.  This  is  also  the  reason  why,  in 
the  very  cold  weather  of  winter,  the  temperature  of  the  atmo- 
sphere ri:ies  the  instant  a  violent  snow  or  rain  storm  commenc(»s. 

216.  The  amount  of  watery  vapor  contained  in  the  air. 
The  amount  of  watery  vapor  contained  in  the  air  is  enormous. 
It  is  estimated  to  be  at  least  60,000,000,000,000  tons.  The 
total  annual  fall  of  rain  is  estimated  at  188,452,000,000,000 
tons.  The  whole  of  this  vast  quantity  is^  raised  into  the  air 
fi-om  the  waters  of  the  ocean  by  the  process  of  evaporation,  and 
this  shows  that  the  process  is  carried  on  upon  an  immense  scale. 
It  has  been  estimated  that  in  summer  the  number  of  pounds 
evaporated  from  the  surface  of  water,  under  favorable  circum- 
stances, is  104 J  per  minute  to  the  acre,  and  the  number  of  gal- 
lons per  acre,  in  24  hours,  is  15,048.  In  consequence  of  this, 
the  atmosphere  is  at  all  times  charged  with  vapor,  the  amount 
of  which  is  perpetually  varying,  but  it  is  almost  always  below 
the  proportion  which  the  atmosphere  might  contain  if  it  were 
loaded  with  as  much  moisture  as  it  could  possibly  hold  at  its 
actual  temperature.  It  is  owing  to  the  circumstance  that 
the  air  is  seldom  thoroughly  saturated  with  watery  vapor,  that 
wet  bodies  become  dry,  and  that  the  surface  of  the  eo.l,  how- 
ever moist  it  may  be,  in  a  very  brief  period  becomes  parched 
and  dusty.  By  this  process  of  evaporation  a  natural  distillation 
is  maintained,  by  which  a  perpetual  circulation  of  water  is  kept 
up.  The  water  is  raised  in  a  perfectly  pure  state  into  the  at- 
mosphere, is  transported  to  distant  regions,  and  being  condensed 
in  rain,  not  only  falls  upon  the  land  in  grateful  showers,  but  also 
carries  with  it  various  gaseous  products  useful  to  vegetation, 
Fuch  as  Ammonia  and  Kitnc  acid,  which  are  diffused  through  it. 
The  waters  thus  condensed,  descend  through  the  valleys  into 
the  rivers,  whence  they  are  returned  to  the  ocf^an,  or  else  sink- 
ing into  the  earth  eventually  reappear  as  springs.  Were  it  not 
for  this  process  the  earth  would  be  destitute  of  rain,  and  a  des- 
ert, producing  no  vegetation,  and  incapable  of  supporting  animal 
life.  If  evaporation  were  to  cease,  all  living  things  would  per- 
ish ;  there  would  be  no  rivers  or  brooks ;  no  clouds  or  brilliant 
sunrises,  or  sunsets ;  the  earth  would  be  shorn  of  its  beauty,  as 
well  as  deprived  of  life. 

217.  Hygrometers.    The  quantity  of  watery  vapor  existing 

218.  State  the  amount  of  watery  vapor  contained  in  the  air.  What  la  the  amount  of 
eraporation  from  the  Kurfkce  of  water  per  acre  ?  What  becomes  of  the  water  ralt«ed  into 
the  air  by  eTapomtion  ?    State  the  adTaotages  of  thia  prooeaa  of  natural  dUtlUaUoQ. 
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in  the  air  at  any  particular  time,  depends  entirely  upon  the 
temperature,  other  things  being  equal,  and  the  exact  amount 
can  be  ascertained  l)y  an  instrument  called  the 
Fig.  00.         hygrometer.     These  are  constructed  upon  very 
A  different  principles.     One  of  the  simplest  is 

iB^  the  hygrometer  of  Saussure,  which  depends 

j^2S^3m^  upon  the  property  possessed  by  hair,  of  length- 
(^mfm  I  ening  in  moist,  and  contracting  in  dry  air. 
dyU  Tk  A  single  hair  is  fastened  firmly  by  one  end,  and 
a*  the  other  is  wound  once  or  twice  around  an 
axle  carrying  an  index.  As  it  contracts  or  ex- 
pands, it  causes  the  index  to  traverse  a  gradu- 
ated circle,  a  greater  or  less  distance,  and  thus 
it  furnishes  an  approximate  indication  of  the 
amount  of  the  moisture  present  in  the  atmos- 
phere; Fig.  90.  A  thermometer  is  also  at- 
tached to  the  instrument  for  the  purpose  of 
indicating  the  temperature  of  the  atmosphere 
at  the  time  when  the  observation  is  taken. 

218.  Daniell'8  Bygrometer.  This  is  a 
more  accurate  instrument  than  the  last.  It 
consists  of  two  bulbs,  one  of  which  is  half  fi'.led 
with  liquid  ether,  while  the  other  bulb  and  the 
tube  connecting  them  contain  nothing  but  the 
vapor  of  the  same  substance.  The  bulb  A 
encloses  a  thermometer,  for  the  purpo  e  of  indicating  its  tem- 
perature; the  bulb  B  l^  enveloped  with  muslin.  There  is  a 
second  thermometer  for  the  purpose  of  indicating  the  tempera- 
ture of  the  atmoi»phere.  The  principle  on  which  the  instru- 
ment acts  i?,  that  when  the  atmospliere  contains  as  much  mois- 
ture as  it  can  hold  at  the  particular  temperature  which  it  pos- 
sesses, a  very  slight  reduction  of  temperature  will  cause  a  portion 
of  this  vapor  to  be  deposited  in  the  form  of  water.  When  the 
air  does  not  contain  as  much  vapor  as  it  can  hold  at  its  actual 
temperature,  it  must  be  reduced  to  thnt  at  which  the  vapor  con- 
tained in  it  will  be  sufficient  to  saturate  it,  before  any  will  be 
deposited ;  and  this  reduction  will  be  more  or  less,  according  to 
the  degree  of  saturation  of  the  air.  The  number  of  degrees, 
therefore,  which  the  temperature  of  the  atmo-phere  must  be 
reduced  before  it  will  deposit  its  watery  vapor,  is  then  a  meas- 


217.  How  may  the  degree  of  moisture  In  the  atmosphere  be  aaoertained  ?    What  are 
Hygrometen?— 218.  Describe  Daiiiell*s  Hygrometer. 
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Hydrometer  of  DanieU. 


ric-  '1-  urc  of  the  amount  of  vapor  in 

the  air.     To  use  this  hygrome- 
ter, we  first  note  the  tempera- 
ture of  the  air,  by  the  thenaome- 
ter  on  the  stem  of  the  instru- 
ment    AVe  then  pour  sulphuHc 
el  her,  drop  by  drop,  on  the  mus- 
Im.     By  its  evaporation  it  cools 
the  bulb  B,  and  condenses  a  por- 
tion of  the  vapor  within  it;    a 
partial  vacuum  is  formed  in  A, 
in   conrequcnce   of    which    the 
ether  in  it  begins  to  evaporate 
rapidly,  and  its  temperature,  and 
that  of  the  whole  bulb,  to  sink, as 
indicated    by   its   thermometer. 
Presently,  a  degree  of  cold  is 
attained  at  which  the  outside  of 
the  bulb  becomes  suffused  with 
a  fine  dew;  at  this  instant  we 
note   the   thermometer   in    the 
bulb  and  observe  the  difference 
between  it  and  the  thermometer  on  the  ^tem.     This  giv(  s  us  the 
number  of  degrees  which  it  has  been  necessary  to  reduce  tie 
temperature  of  the  air,  in  order  to  make  it  part  with  its  mois- 
ture, and  as  a  consequence  the  amount  of  vapor  contained  in 
the  atmosphere.     As  it  is  po-sible,  if  the  reduction  of  tempera- 
ture has  been  rapid,  that  the  loss  of  heat  may  not  have  been 
perfectly  uniform  throughout  the  interior  of  the  bulb  A,  and  the 
thermometer  in  it  not  have  become  cooled  as  eoon  as  the  outside 
surface  of  the  bulb,  it  is  well  to  observe  the  tempeialure  of  a 
a  second  time,  at  the  moment  when   the  ring  of  dew  disap- 
pears, during  the  return  of  the  instrument  towards  the  tempeia- 
ture  of  the  surrounding  air.     The  temperature  at  which  the 
dew  is  formed  and  disappears,  u  called  the  deiv  point,  and  the 
mean  of  these  two  observations  will  give  it  with  perfect  exact- 
ness.    By  means  of  a  table  constructed  for  the  purpose,  the 
degree  of  saturation  of  the  air  can  be  calculated,  the  dew  point 
bavin*?  once  been  ascertained.     Let  the  temperature  of  the  air 
be  60°,  and  the  dew  point  50%  calling  1000  the  amount  of 
watery  vapor  which  the  air  can  possibly  hold  at  60°,  and  oh- 
serving  from  the  table  that  the  tension  of  watery  vapor  at  C0° 
is  0.518,  while  at  50^  it  is  0.361,  and  knowing  that  the  quantity 
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of  vapor  is  directly  proportioned  to  its  tension,  we  have  this 
proportion :  0.5 18 : 0.361 : :  1000 :  x.  =  695.  The  proportion  of 
watery  vapor  actually  contained  in  the  air,  to  that  which  it  mif;ht 
contain  at  the  temperature  in  question,  is  as  695  to  1000.  Ta- 
bles have  also  been  co;istructed  for  showing  the  actual  rate  of 
evaporation  at  any  given  lime,  or  the  number  of  grains  of  water 
which  will  evaporate  from  a  given  surface,  such  as  a  square 
foot,  freely  exposed  to  the  air  in  a  certain  time,  for  it  is  this 
which  determines  the  drying  influence  of  the  atmosphere  upon 
substances  exposed  to  its  action. 
/-  219.  The  eSbct  of  redncin^  the  temperatim  of  tho  airtnpon 
the  amoant  of  watery  vapor  contained  in  it.  As  the  presence 
of  aqueous  vapor  in  the  air  is  due  to  heat,  it  is  evident  that  if 
the  temperature  of  air,  charged  with  moisture,  be  reduced  below 
the  dew  point,  this  vapor  will  be  compelled  to  resume  the  liquid 
state.  This  reduction  of  temperature  is  effrcted  by  a  variety 
of  natural  causes,  and  results  in  the  production  of  clouds,  of 
rain,  of  snow,  of  dew,  and  of  frost.  When  a  stratum  of  warm 
air,  charged  with  moisture,  is  suddenly  mixed  with  a  stratum  of 
cold  air,  the  amount  of  vapor  being  greater  than  the  tempera- 
ture produced  by  the  mixture  can  sustain,  a  portion  is  condensed 
into  rain,  and  if  the  temperature  be  low  enough,  into  snow. 
Ag^iin,  if  a  portion  of  air,  charged  with  watery  vapor,  be  car- 
ried from  the  lower  part  of  the  atmosphere  to  the  higher,  its 
volume  will  be  rapidly  increased  by  the  diminution  of  the  atmos- 
pheric pressure  to  which  it  is  subjected,  and  its  temperature 
will  be  proportionably  lowered.  1  he  result  will  probably  be 
the  condensation  of  its  watery  vapor,  and  the  production  of 
clouds  and  rain.  On  the  other  hand,  if  air,  contain'n:;  clouds, 
bj  brought  from  the  higher  regions  of  the  atmosphere  to  the 
lower,  its  temperature  will  be  raised  by  the  additional  pressure 
to  which  it  is  subjected,  it  will  be  able  to  sustain  a  larger 
amount  of  water  in  the  state  of  vapor,  and  the  clouds  will 
probably  disappear.  Again,  if  portions  of  air,  charged  with 
moisture,  be  swept  from  the  sea  against  the  cold  sides  of  some 
lofty  mountain,  the  moisture  will "  be  at  once  condensed,  and 
descend  in  the  fonn  of  showers  of  rain. 

220.  Dew  it  prodnced  by  the  dimination  of  the  temperatore 
of  the  air.  Dew  is  nothing  but  the  watery  vapor  of  the  air 
condensed  by  diminished  temperature.     The  cause  of  the  dimi- 

219  What  ii  the  effect  upon  the  moisture  of  rhe  air  of  reducing  Ita  temperature  ? 
What  is  the  effect  upon  the  watery  vapor  of  the  air  of  increasing  or  dimlnl^ing  its  vol* 
ome  ?  What  is  the  eSecc  of  tmasporting  air  Usasi  a  low  to  a  high  wAsA  upon  its  watery 
?apor?-2».  Wliatlidew?  -o    t~        r 
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nation  of  the  temperature  of  the  air  is  its  contact  with  bodies 
that  have  been  cooled  by  the  radiation  of  the  heat  of  the  earth 
during  the  night,  after  the  influence  of  the  sun's  rays  has 
been  withdrawn.  During  the  day,  the  earth  receives  from  the 
sun  more  heat  than  it  radiates,  and  its  temperature  rises ;  but 
as  soon  as  the  sun  begins  to  decline  towards  the  horizon,  this 
process  is  reversed ;  the  earth  then  begins  to  radiate  more  heat 
than  it  receives,  and  its  temperature  rapidly  sinks.  The  air  in 
contact  with  the  earth  is  also  cooled,  and  when  its  temperature 
has  sunk  below  the  degree  nece-sary  to  retain  its  aqueous  vapor, 
this  vapor  is  condensed  into  minute  drops  of  water,  and  is  de- 
posited upon  the  cooled  surface  of  the  earth.  That  the  cold 
results  from  mdiation,  and  not  from  the  general  cooling  of  the 
atmo^'phere,  is  shown  by  the  fact  that  the  surface  of  the  earth 
is  often  found  to  be  very  cold,  and  to  be  suffused  with  dew, 
when  the  air  above  is  warm  enough  to  retain  all  its  vapor.  •  The 
a'r  a  few  feet  above  the  earth  is  sometimes  warmer  than  the 
surface  of  the  ground  by  20"*  or  30°.  Should  the  radiaton 
continue  long  enough,  the  dew  is  frozen  as  soon  as  formed,  and 
becomes  frost.  In  Fome  countries  ice  is  made  in  this  way,  and 
on  this  principle.  Those  substances  which  are  the  best  radia- 
tors of  heat,  are  always  the  most  drenche;!  with  dew,  because 
they  part  with  the  greate-t  amotmt  of  heat,  and  become  the 
coMest  at  night,  ruch  as  rough,  dark  and  filamentous  substances, 
while  poor  radiators  have  hardly  any  dew  deposited  upon  them 
at  all.  Rough-leafed  plants  will  be  drenched  with  dew,  while 
smooth  and  polished  leaves  remain  quite  dry.  For  the  same 
reason,  the  former  arc  the  soonest  frozen  in  the  fall  of  the  year. 
The  greatest  amount  cf  dew  is  always  deposited  on  clear  and 
moonlight  nights,  because  then  there  is  nothing  whatever  to 
return  to  the  earth  any  portion  of  the  heat  which  it  has  radiated, 
while  on  cloudy  nights  the  clouds  themselves  radiate  back  as 
much  heat  as  the  earth  radiates  to  them,  and  consequently  its  tem- 
perature is  not  sufficiently  reduced  to  admit  of  the  formation  of 
dew.  For  the  same  reason,  there  is  no  dew  formed  beneath  the 
t/ees,  or  high  awnings;  and  thus  it  L<,  that  in  the  autumn  a 
thin  covering,  by  preven'ing  radiation,  protects  plants  from  fro? t 
even  on  very  severe  nights.  These  facts  are  illustrated  in  Fig» 
92,  where  the  arrows  rc»pre?ent  the  dircct'on  of  the  rays  of  heat. 
Oa  the  lefl  is  indicated  the  state  of  the  temperature  of  the 

floT  it  it  produced  ?    Show  that  radiation  Is  the  cause  of  dow.    Explain  the  dSsct  of 
cloudi  on  the  fonnatitm  of  dew. 
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Phenomena  of  Dew. 

earth  in  the  fall  of  the  year,  produced  by  the  sun's  rays  falling 
on  it,  viz.,  about  53°,  the  air  above  it  being  at  50°.  A  little 
^irther  to  the  right  is  represented  the  state  of  things  immedi- 
ately after  sunset,  the  temperature  of  the  earth  having  fallen  to 
43°,  and  the  heat  rapidly  nidiating  from  it.  Still  farther  to  the 
right  is  indicated  the  same  process,  a  little  farther  advanced,  the 
earth  cooled  by  radiation  to  33°,  about  the  freezing  point  of 
water,  and  the  atmosphere  above  at  39°.  To  the  right  of  this 
we  observe  the  effect  of  a  cloud,  in  sending  back  the  rays  of 
heat  which  -the  earth  had  radiated,  indicated  by  the  reversion 
of  the  arrows.  And  finally,  there  is  seen  the  effect  of  an  awn- 
ing or  covering  in  returning  to  the  earth  the  rays  of  heat  which 
it  had  radiated,  while  the  upper  surface  of  the  awning  or  screen 
itself  is  cooled  down  to  the  freezing  point  by  the  same  process, 
and  is  found  in  the  morning  covered  with  frost  It  is  quite 
evident  that  the  largest  amount  of  dew  and  frost  must  be 
deposited  upon  bright  and  clear  starlight  and  moonlight  nights ; 
and  in  those  countries  where  the  atmosphere  is  distinguished 
for  ita  brightness  and  clearness,  the  reduction  of  temperature 
effected  by  radiation,  is  often  sufficient  to  freeze  considerable 
bodies  of  water.  In  India,  near  the  town  of  Hoogly,  about  40 
miles  from  Calcutta,  the  principle  of  radiation  is  applied  to  the 
artificial  production  of  ice.  Flat,  shallow  excavations,  from  one 
to  two  feet  deep,  are  loosely  lined  with  rice  straw,  or  some  simi- 
lar bad  conductor,  in  order  to  cut  off  the  conduction  of  heat 
from  the  ground,  and  upon  the  surface  of  this  layer  are  placed 
shallow  pans  of  porous  earthenware,  filled  with  water  to  the 
depth  of  one  or  two  inches.  Radiation,  after  the  sun  goes 
down,  rapidly  reduces  the  temperature  below  the  freezing  point, 
and  thin  crusts  of  ice  form,  which  are  removed  as  they  are  pro- 
duced, and  deposited  in  suitable  ice  houses  imtil  night,  when 
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the  ice  is  conveyed  in  boats  to  Calcutta.  Winter  is  the  ice 
nukkm^  season,  ynz^  from  the  end  of  November  to  the  middle 
of  February. 

221.  The  constttution  of  Chuids.— IHITereace  between  V»- 
port  and  Chutes.  From  the  above  mentioned  &cts  it  is  evident 
that  diminution  of  temperature  has  the  effect  of  condensing 
vapors  into  liquids.  There  are  vapors  not  so  easily  condensed 
as  the  vapor  of  water,  and  which,  at  all  ordinary  temperatures, 
retain  their  aeriform  condition.  These  are  called  gases.  They 
may  be  regarded  as  the  vapors  of  liquids*  which,  vaporize  aft  a 
degree  lower  than  any  of  t^  naiural  or  artificial  temperatures 
which  have  been  yet  observed.  In  this  view  oxygen  is  the 
vapor  of  a  liquid,  which  vaporizes  at  a  temperature  vastly  lower 
than  any  yet  discovered.  This  gas,  consequently,  has  never 
been  liquefied.  The  gases  resemble  vapors  in  being  equally 
invisible  and  elastic  aeriform  fluids.  They  difier  from  vapors 
in  this  respect,  that  while  the  gases  obey  the  law  of  Marriotte, 
(§  9,)  at  all  common  temperatures,  and  diminish  in  vohime,  and 
increase  in  elastic  force,  as  the  pressure  to  which  they  are  sub- 
jected is  increased ;  vapors,  on  the  other  hand,  at  the  point  of 
maximum  elasticity  for  their  temperature,  if  their  volume  be 
diminished,  are  in  part  changed  into  liquids.  By  a  sufficient 
increase  of  pressure,  combined  with  diminution  of  temperature, 
many  of  the  gases  may,  however,  be  reduced  to  the  state  of 
liquids,  and  then  if  these  liquids  be  allowed  to  evaporate  very 
suddenly,  they  absorb,  in  so  doing,  so  much  heat,  that  a  portion 
of  the  liquid  is  often  frozen.  By  this  process  some  of  the  most 
permanent  gases  have  been  reduced,  first  to  the  state  of  liquids, 
and  then  to  that  of  solids,  a  conclusive  proof  that  the  state  of 
matter,  as  solid,  liquid  and  gaseouf^,  depends  upon  heat 

222.  PreMwre  reqjniired  for  U^netyingf  the  Chuies.— The 
proceoe.  The  method  of  condensing  the  gases  consists  in  ex- 
posing them  to  the  pressure  of  their  own  elasticity,  conthiQally 
increased  by  the  production  of  fresh  portions  of  gas.  The  pro- 
cess is  exceeding  simple,  and  may  be  performed  by  any  one, 
though  without  care  and  experience,  it  may  be  attended  with 
much  danger  to  the  experimenter.  The  materials  to  form  the 
gas  are  put  into  a  strong  glass  tube,  closed  at  one  end,  and  bent, 
as  in  Fig.  93 ;  after  which  the  orifice  is  hermetically  sealed,  or 
closed  by  means  of  a  metallic  cap,  stnMi^y  cemented.  In  most 
instances,  it  is  necessary  that  the  materials  should  be  kept  apart 

221.  What  ar»  gases  ?    Stats  the  differonce  betwsen  Tapon  and  gaMa.-^222.  Show  bsw 
gaHes  may  be  oondeaaed  Into  Hqiilds. 
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Wg^  W.  until  the  tube  is  closed, 

and  aflerwards,  by  a 
change  of  positicm,  be 
brou^t  to  act  upon  each 
olher.  Thus,  in  order  to 
itifu^fiutiai^,  ^  Ga»e9k  produce  carbonic  acid  gas, 

diluted  sulphuric  acid  is 
poured  into  t}i6  labe,  and  then  pieces  of  chalk  or  marble  are 
introduced;  after  the  end  of  the  tube  has  been  hermetically 
sealed  by  melting  the  glass  with  a  blow-pipe,  taking  care  to 
keep  the  tube  in  the  position  shown  in  the  figure,  the  apparatus 
is  inverted,,  the  sulphuric  acid  immediately  descends  upon  the 
marble,  and  the  carbonic  acid  gas  is  instantly  evolved.  Marble 
is  a  compound  of  carbonic  add  gas  and  lime ;  the  sulphuric 
acid,  however,  having  a  stronger  affinity  for  the  lime,  seizes 
upon  it,  and  at  the  same  moment  drives  the  carbonic  acid  out. 
Every  fresh  portion  of  gas  produced  tends  to  compress  that 
which  existed  in  the  tube  before,  and  the  gaseous  particles 
finally  become  so  closely  forced  together,  and  condensed,  as  to 
pass  from  the  gaseous  hito  the  liquid  state. 

223.  Th«  amviuit  pf  preMore  requiMd  ▼mriM  with  the  Gas. 
The  amount  of  pressure  required  to  liquefy  the  different  gases 
is  variable.  Thus  sulphurous  aoid  gas  requires  only  the  press- 
ure of  two  atmospheres,  or  30  lbs.  to  the  square  inch,  at  the 
temperature  of  45° ;  carbonic  acid  gas  requires  thirty-six  atmo- 
spheres, or  450  lbs.  to  the  square  inch,  at  a  temperature  of  32° ; 
while  the  gaseous  protoxide  of  nitrogen  requires  no  less  than  fifty 
atmospheres,  or  a  pressure  of  750  lbs.  to  the  square  inch.  Sup- 
pose, then,  that  the  area  presented  by  the  interior  of  the  tube 
be  eight  square  inches,  the  total  pressure  upon  the  inside  of 
the  tube,  in  which  the  protoxide  of  nitrogen  is  condensed, 
is  750X8=6000  lbs.  This  is  a  force  which  few  glass  tubes 
are  capable  of  resisting.  The  process  is  greatly  expedited  if 
the  end  of  the  tube  containing  the  gas  in  question  is  immersed 
in  a  mixture  of  ice  and  salt ;  this  maintains  a  steady  tempera- 
ture of  — 4°,  and  tends  to  bring  the  particles  of  gas  still  nearer 
together.  Sometimes,  two  separate  vessels,  connected  by  a 
tube,  are  employed,  one  to  hold  the  materials  for  producing  the 
gas,  the  other  to  condense  it.  In  this  case,  the  former  is  <^ed 
the  generator,  the  latter  the  receiver. 

228.  Tf  the  prevure  required  the  MiDMlbr  all  gaaei?    What  Is  the  dagcBtt  of  pzaMom 
often  required :    Uovr  majr  the  prooees  be  expedited  Z 
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224.   Thilorior's  procati  for  Mlidifiriiiflr  Carbonic  Acid     By 

the  application  of  these  principles  Thiiorier,  a  French  philoso- 
pher, was  enabled  not  only  to  liquefy  carbonic  acid,  but  actually 
convert  it  into  a  solid.  In  this  apparatus,  both  presi^ure  and 
reduction  of  temperature  are  employed  to  liquefy  the  gas,  and 
the  solidification  is  accomplished  by  allowing  a  portion  of  the 
liquid  acid  to  evaporate  very  suddenly;  so  much  heat  is 
absorbed  that  a  portion  of  the  liquid  add  is  frozen  and  condensed 
into  white,  flaky  solid,  resembling  snow.  The  apparatus  repre- 
sented in  Fig.  94,  is  the  form  in  which  it  has  been  arranged  by 
Deleuil  &  Son,  of  Paris.  Two  very  strong  vessels  are  provided, 
Blade  of  the  best  cast  iron,  enclosed  in  a  wrought  iron  casing, 


Fig.  94. 


Hu  Solid\fieation  of  Carbonie  Add. 

and  strongly  hooped.  One  is  used  as  the  generator  of  the  gas, 
the  other  as  the  condenser ;  but  as  they  are  made  of  the  same 
size,  and  exactly  alike,  each  may  be  used  equally  well  for  either 
purpo-?e.  The  tube  a  b  c,  can  be  removed  at  pleasure,  and 
the  iron  stoppers  screwed  into  the  top  of  the  cylinders  can  be 
unscrewed  by  the  handles,  c,  e.     In  g  there  is  placed  1800 

221.  Dcacribe  ThUorier's  proows  for  folidiQrlDg  csrbonio  ^dd. 
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grammes,  or  about  4  lbs.  of  the  best  bicarbonate  of  soda,  and 
upon  this  about  1^  gallons  ofwater  at  the  temperature  of  100®  F. 
The  vessel,  ^,  is  then  filled  with  strong  sulphuric  acid,  and  care^ 
fully  lowered  into  the  generator,  an  entrance  having  previously 
been  made  for  the  rod,  t,  through  the  soda,  by  means  of  a  long 
stick.  The  stopper,  c,  c,  is  then  to  be  replaced  and  forcibly 
screwed  down.  On  oscillating  the  generator,  which  can  readily 
b  3  done  in  consequence  of  its  suspension  upon  pivots,  the  sul- 
phuric acid  is  thrown  from  the  brass  vessel,  hy  upon  the  bicar- 
bonate of  soda,  which  is  a  compound  of  carbonic  acid  and  soda, 
and  having  a  superior  affinity  for  the  soda,  it  seizes  upon  it,  dis- 
possessing the  carbonic  acid,  which  esci^)es  in  the  form  of  gas, 
and  collects  in  the  upper  part  of  the  vessel,  where  it  Foon  com- 
mences to  compress  itself  most  powerfully.  About  7  minutes 
is  the  estimated  time  for  the  completion  of  the  chemical  reac- 
tion. The  carbonic  acid  is  in  part  liquefied  by  the  great  press- 
ure to  which  it  is  subjected,  and  mixed  with  the  water,  &c., 
used  in  its  preparation.  The  tube,  a,  6,  c,  is  now  to  be  screwed 
into  its  place  upon  the  top  of  the  receiver,  r,  and  then  firmly 
attached  in  a  similar  manner  to  the  generator,  g.  The  receiver 
is  shown  in  section,  and  it  will  be  observed  that  the  tube,  r, 
leading  from  the  generator,  reaches  to  the  lower  part  of  it  Up 
to  this  time  there  is  no  connection  between  the  two  vessels.  A 
0top-cock  is  now  opened  upon  the  summit  of  ^,  and  a  second 
upon  r,  by  means  of  keys  not  shown  in  the  figure,  and  a  con- 
nection formed  between  the  two  vessels.  The  receiver  being 
colder  than  the  generator,  the  gas  rushes  into  it  with  force,  and 
i^  partially  condensed  into  a  liquid  around  the  lower  part  of  the 
tube,  r.  This  condensation  is  produced,  partly  by  the  pressure 
of  the  gas,  and  partly  by  the  difference  between  the  tempera- 
tures of  the  generator  and  receiver.  The  temperature  of  tlie 
generator  is  from  90**  to  100®,  while  that  of  the  receiver  is  not 
greater  than  that  of  the  surroimding  air,  or  about  G0°.  The 
pre^ure  of  the  carbonic  acid  corresponding  to  the  former  tem- 
perature is  75  atmospheres,  while  that  corresponding  to  the  lat- 
ter is  only  50.  Consequently,  according  to  the  principle  laid 
down  in  §  203,  as  soon  as  a  connection  is  formed  between  the 
two  vessels,  the  carbonic  acid  rushes  over  into  the  receiver,  and 
continues  to  do  so  until  the  pressure  in  both  vessels  corresponds 
to  that  which  is  proper  to  the  temperature  of  the  receiver. 
The  result  is,  that  in  the  space  of  a  minute,  the  greater  part 

BxplalD  the  Intense  cold  produced  by  the  eTaporatlon  of  tUe  liquid  «dd* 
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of  the  carbonic  acid  in  the  generator  is  transferred  to  the  re- 
ceiver. The  quantity  condensed  may  be  greatly  inci*eased  by 
placing  the  receiver  in  a  cask,  and  surrounding  it  with  ice  and 
salt,  having  the  temperature  or*  — 4°.  The  stop-cocks  are  thei 
c'o-ed,  the  tube,  a,  b,  c,  removed,  the  stop-cock  of  the  genera- 
tor o;)ened,  and  the  gas  remaining  in  it  suffered  to  escape.  Tlie 
stopper  is  then  to  be  unscrewed,  and  the  interior  of  the  geneni- 
tor  cleansed.  It  is  then  to  be  charged  anew,  and  the  whole 
process  i&  to  be  repeated  seven  times,  when  about  half  a  gallon 
of  liquid  acid  will  be  collected.  With  eacli  repetition,  more  of 
the  gas  is  liquefied  in  the  receiver,  where  it  at  length  creates 
prodigious  pressure.  The  escape  pipe,  o,  is  then  to  be  adjusted 
to  the  stopper  of  tlie  receiver,  and  its  end  inserted  into  the  cir- 
cular brass  box,  ^  through  the  tube,  n  ;  m,  m,  are  the  two  op- 
posite sides  of  the  box,  which  can  be  firmly  fastened  together 
by  a  simple  arrangement.  The  stop-cock  of  r  is  then  tole 
openr^d,  when  the  liquid  acid,  tending  strongly  to  assume  tie 
gaseous  state,  will  be  driven  forcibly  through  the  tube  into  the 
brass  box,  and  then,  suddenly  expanding,  fo  much  of  its  heat 
becomes  latent  that  a  portion  of  the  still  liquid  acid  is  frozen, 
and  the  box  becomes  filled  with  a  white  snow-like  subi^tanoe. 
The  temperature  of  the  box  will  be  reduced  to  — 94°  by  this 
process,  and  its  handles  must  be  covered  with  leather,  or  other 
non-conducting  substance,  in  order  to  protect  the  hands  of  the 
operator. 

925.  BoUA  Cftrbonle  Aeid.  If  exposed  to  the  air,  the  solid 
acid  slowly  evaporates ;  but  covered  with  cotton,  it  may  be  pre- 
served for  some  hours.  This  is  owing  to  the  extremely  poor 
conducting  power  of  the  solid.  Its  temperature  is  about  — 108** 
or  140*^  below  the  freezing  point;  yet,  notwithstanding  this  low 
temperature,  a  mass  of  it  may  be  held  upon  the  hand  without 
producing  any  special  sensation  of  cold ;.  nor  does  a  mercurial 
thermometer,  dipped  loosely  into  it,  exhibit  the  low  tempemture 
that  might  be  expected.  This  is  due,  in  part,  to  its  poor  con- 
ducting power,  in  virtue  of  which  the  external  heat  can  not 
readily  en*er  it,  and  in  part  to  its  being  surrounded  by  a  thin 
stratum  of  carbonic  acid  gas,  of  extremely  poor,  conducting 
power.  If  pres.  ed  between  the  fingers,  however,  the  skin  will 
at  onre  be  blistered,  as  if  scalded  ;  and  the  same  result  will  fol- 
low if  it  be  mixed  with  some  liquid  which  is  not  readily  frozen, 

TS).  Whnt  \n  the  temperataiB  oTMlid  cartwnic  ackl  ?    Describe  the  experiments  wbiob 
la»^^  be  peribnopd  with  it. 
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like  ieiher;  this  iHcieises  its  conducting  power  hy  fl^ng  up  the 
^rB3  of  the  aoid,  and  greatly  accelerates  the  evaporation.  A 
little  of  this  mixture  placed  upon  the  hand  will  produce  a  deep 
And  painful  blister,  and  almost  immediately  solidify  mercury, 
though  this  requires  a  temperature  of  — 40° ;  if  a  g^ass  tube, 
containing  liquid  carbonic  acid,  hermetically  sealed,  be  intro- 
duced into  such  a  mixture,  the  acid  will  be  immediately  con- 
gealed. If  some  of  the  frozen  mercury  be  placed  in  water,  the 
-mercury  will  melt,  but  the  water  will  be  frozen,  showing  that 
the  process  of  liquefaction,  even  in  the  case  of  frozen  roercurv, 
as  in  all  other  instances,  is  attended  with  the  disappearance  of 
heat.  If  the  mixture  of  carbonic  acid  and  ether  be  thrown  into 
a  red-hot  platinum  cruoible,  the  whole  mass  will  at  once  be 
thrown  into  the  spheroidal  stat^  and  reeeive  heat  from  the  cru- 
cible so  slowly  that  liquid  mercury  introduced  into  it  in  a  spoo'i, 
will  instantly  be  frozen,  and  may  be  turned  out  upon  the  table 
in  a  solid  form.  The  ether  may  even  take  fire,  and  actually 
blaze  with  a  powerful  flame  from  the  mouth  of  the  crucible,  and 
yet  liquid  mercury  be  frozen ;  this  is  one  of  the  most  extraor- 
dinary experiments  in  chemistry.  By  accelerating  the  evapo- 
ration of  the  bath  of  carbonic  acid  and  ether  in  the  vacuum  of 
the  air  pump,  it  is  said  that  a  temperature  as  low  as  — 1 66**  F. 
has  been  attained.  By  immersion  in  such  a  ^bath  many  lique- 
fied gases  have  been  frozen,  and  obtained  in  the  form  of  clear 
and  transparent  solids.  Without  the  aid  of  pressure,  many  of 
the  gases,  including  chlorine,  ammonia,  and  carbonic  acid,  have 
been  obtained  in  the  liquid  form  by  simple  immersion  in  a  bath 
of  carbonic  acid  and  ether  in  air.  The  tubes  used  were  of  green 
bottle  glass,  bent  into  the  form  of  the  letter  Y,  and  to  these, 
brass  caps  and  stop-cocks  were  securely  attached,  by  means  of 
a  resinous  cement  The  cold  bath  was  applied  at  the  curva- 
ture. When  pressure  was  required  it  was  obtained  by  the  em- 
ployment of  two  condeiisi^g  syringes. 

aS0.     The  ■olsakficmti»n  of  other  Gai^a.    The  following  table 
represents  the  point  of  congelation  of  several  of  the  gases ; 

Sulphnrooi  Add, -^105^ 

Cyanojfen,          •-----.  —30^ 

lohydric  Acid, — 60=> 

Amuionia, — 103® 

Bulphydric  Acid, ^122<> 

Protoxide  of  Nitrogen,      -..--.  —150' 

Carbonic  Acid,      -        •        •       •        •       •        -  — 70® 

Bromohydric  Acid    ••••••-  «>124^ 

Fluoride  of  Silicon, — 220«* 
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Seven  gases,  viz.,  air,  oxygen,  hydrogen,  nitrogen,  carbonic 
oxide,  bi  oxide  of  nitrogen  and  marsh -gas,  have  resisted  all  at- 
tempts to  liquefy  them ;  although  air  was  reduced  to  ^j^  of  its 
bulk,  oxygen  to  yj^,  hydrogen  to  yj^y,  carbonic  oxide  to  5^^, 
and  bi-oxide  of  nitrogen  to  ^1^^  of  its  original  volume. 

296*.  Natterer's  Procen  Ibr  Liqiieiyin|[  the  Oaies,  Inmroved 
liy  Bianchi  and  by  I^itchie.  In  Thiloner's  process  for  the 
liquefaction  of  carbonic  acid  gas  the  pressure  is  derived  from 
the  continual  production  of  tlie  gas  within  the  confined  limits  of 
the  generator.  Natterer  shortly  afterwards  invented  an  appa- 
ratus, at  Vienna,  which  has  since  been  improved  by  Bianchi 
at  Paris,  and  still  more  recently  by  our  countryman  Ritchie 
of  Boston,  for  liquefying  this  and  other .  liqnetiable  gases  by 
direct  mechanical  pressure.  As  constructed  by  him  it  is  shown 
in  section  in  Fig,  92*. 


Fig.  92*. 


Fig.  93». 


Bitchie'^s  Condenser, 


The  Discharge  of  the  Liquid  Om-  - 
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An  india-rubber  bag  not  seen  in  the  figure,  filled  with  the  gas 
to  be  liquefied,  is  placed  under  a  heavy  weight,  by  which  the 
gas  is  forced  in  a  steady  stream  through  a  bottle  filled  with 
cljloride  of  calcium,  by  the  aflSnity  of  wliich  for  water  all  the 
aqueous  vapor  of  the  gas  is  abstracted  from  it,  and  it  is  ren- 
dered perfectly  dry.  From  the  drying  bottle  it  passes  on 
through  a  flexible  tube  attached  at  /,  to  a  forcing  pump  by  the 

piston  of  which  it  is 


i; 


fig.  94*. 


RUehie's  Apparatus /or  Ugue/ying  Gout, 


compressed  into  a 
strong  iron  condens- 
er R,  through  a  valve 
N,  opening  upwards, 
and  closing  wiien  the 
piston  descends.  1  he 
piston  is  driven  by  a 
levers  placed  below, 
Fig.  94*.  1  h*-  con- 
denser  r,  is  made  of 
forged  iron  or  bron  ze 
and  is  capable  of  re- 
sisting a  pressure  of 
700  atmospheres. 
The  pump  is  of  steel, 
with  a  steel  piston, 
and  is  attached  to 
the  condenser  by  a 
strong  screw  at  o. 
With  every  stroke 
the  gas  is  more  and 
more  compressed, 
and  finally  is  con- 
verted into  a  color- 
less liquid.  By  this 
powerful  condensa- 
tion the  heat  latent 
in  the  gas  is  made 
sensible,  as  In  the 
case    of    air    oom- 


226.  state  the  point  of  congelation  of  other  gases.  Name  the  gases  vhlch  hare  resist- 
ed all  attempts  at  solidiflcation.  ^  ^     1    , 

226*.  Describe  Ritchie's  process  for  liquefying  the  nses  by  mechankal  Pfeww^. 
-IVhat  temperature  did  Natterer  succeed  in  obtaining  by  Uie  evaporation  of  llqueflwl 
protoxide  of  Nitrogen  T 

•9 
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pressed  in  tlie  fire  syHnge,  $214,  Fig.^^,  «iHi  the  bddy  of 
the  pump,  as  well  as  of  the  <x>ndeiiser  is  greatHy  heated.  Tky 
absorb  this  beat,  and  to  assist  in  the  condensation  of  the  gas, 
the  condenser  is  surrounded  by  a  refrigerator  m,  containing 
ice  and  salt,  and  the  pump  is  also  enokkied  in  «  cylinder  h, 
through  which  the  ice  cold  water  from  the  refrigerator  flows,  on 
its  way  to  the  stopcock,  at  whidi  it  is  dischacged.  When  a 
sufficient  quantity  of  the  gas  has  been  liquefied  the  condenser  r 
is  unscrewed  from  the  pump  at  /?,  inverted,  and  the  liquefied 
gas  allowed  to  escape  through  the  lateral  aperture  t,  by  turning 
the  screw  at  the  upper  end,  as  ae&i  in  IXg.  9  j*.  It  is  received 
in  a  glass  tube  fixed  in  the  stopper  of  a  large  bottle  containing 
a  considerable  amount  of  strong  sulphuric  acid,  that  absorbs 
all  the  watery  vapor  of  the  air  enclosed  in  the  bottle,  and  pre- 
sents the  deposinon  of  frost  on  the  outside  of  tlie  tube*  by 
which  the  view  cfi  the  liquid  gas  within  would  be  cut  off.  By 
the  rapid  evaporation  of  a  portion  of  the  liquefied  acid  sufficient 
cold  is  produced  to  freeze  Uie  remidnder.  Mr.  Ritchie  has  made 
an  improrement  in  the  construction  of  the  lateral  ^tperture,  t>y 
which  it  is  made  to  discharge  liqnid  acid,  or  solid  acid,  at 
pleasure.  The  apparatus  is  represented  in  elevation  in  Ftff.  94*:  R 
represents  the  hronze  receiver  ;  M,  which  is  shown  in  section^ 
represents  the  cylinder  containing  the  ice  and  salt ;  c  is  tiie 
pump,  and  w  is  the  handle,  by  means  of  which  the  mechanical 
pressure  is  applied,  through  the  instrumentality  of  the  lever  b, 
to  the  piston  p. 

This  apparatus  may  be  used  equally  well  for  the  liquefac- 
'  tion  and  solidification  of  carbonic  acid,  the  protoxide  of  nitro- 
gen and  all  the  other  liquefiable  gases.  By  condensing  the 
.  gaseous  protoxide  of  nitixigen  into  a  liquid,  mixkig  it  with  the 
Equid  bi  sulphide  of  carbon,  and  evaporating  the  mixture  very 
rapidly  in  vacuo  in  the  exiiausted  receiver  of  an  air-pump, 
Nattcrer  suQceeded  in  producing  a  temperature  of  — 220^  F., 
which  is  much  colder  than  that  produced  by  the  evaporation  of 
the  mixture  of  solidified  carbonic  acid  and  ether,  §  225,  and  is 
the  lowejit  temperature  ever  observed. 

2Sf7\  Th»  «ald  producsd  hy  the  evaporation  «f  the  UtpaiaBei 
fikoes  ^plied  to  the  mannfiietiire  ef  Ice.     The  liquefied  gase 
being  retained  in  this  state  only  by  the  influence  oif  great  pre 
sure,  when  this  pressure  is  removed,  tend  to  evaporate  wis 

'    227*.  Show  how  the  li<raefi«d  ffwet  may  Iw  -«M#d  to  tb»  tta&tiliictiire  of  Ice.  Ifiipltiia 
thU  proc«M  in  the  case  oi  Ammonia. 
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extreme  rapidity.  By  this  rapid  change  of  state,  so  much 
heat «  absorbed  and  made  latent  m  the  immense  amount  of 
vapor  which  is  suddenly  formed,  that  the  temperature  of  all 
gurrounding  objects  is  greatly  reduced.  It  has  been  shown, 
§  224,  that  it  is  by  the  sudden  evaporation  of  liquefied  carbonic 
acid,  that  the  freezing  of  a  part  of  the  liquid  acid  is  accom- 
pUshed.  The  same  principle  may  be  appHed  to  the  freezmg 
\/l  other  liquids,  and  advantage  is  sometimes  taken  of  this 
method  of  reducing  temperature  for  the  manufacture  of  Ice  on 
a  large  scale,  for  commercial  purposes. 

Tbe  gas  usually  selected  for  liquefaction  is  Ammonia.     This 
substance  is  a  compound  of  hydrogen  and  nitrogen,  and  is  rep- 
resented by  the  symbol  NH^.     At  ordinary  temperatures,  it 
is  a  gas,  but  if  expo-ed  to  a  pressure  of  6^  atmospheres,  or 
97  i  pounds  to  the  square  inch,  or  to  a  temperature  of —40 
F    t  c.  to  72°  below  tihe  freezing  point  cf  water  at  32    F.,  it  n 
oondi^nsed  into  a  clear  liquid,  whi<-h  at  —408°  F.  is  frozen  into 
a  white  crystalline  solid.     When  this  liquid  Ammonia  is  al- 
lowed to  evaporate  intense  cold  is  produced.     For  the  produc- 
tion of  gaseous  Ammonia,  resort  must  be  had  to  some  of  the 
compounds  which  contain  it.     The  most  convenient  substance 
for  this  purpose,  is  the  common  Aqua  Ammonia  of  commerce, 
which  is  nothing  but  a  solution  of  gaseous  Ammonia  in  water. 
-Water  has  the  power  of  absorUng  seven  hundred  times  its 
volume  of  this  gas,  without  undergoing  any  very  great  increase 
an  bulk ;  i.  e.  one  cubic  inch  of  water  will  absorbabout  seven  hun- 
dred  cubic   inches 
^*S-  95.*  ^£  Ammonia,   ow- 

ing to  the  strong  af- 
nity  of  water  for  this 
gas,  and  thus  a  very 
large  amount  of  the 
^as  is,  by  chemical 
means,  compressed 
^^  into   a  very  small 
^  compass. 
f      If  this  solution  of 
^^_^^^  .^=-^^^  Ammonia  be  con- 

'~~  '^^  ^^  fined  in  one  arm  of 

Uqiufacl'um  of  gaseous  Ammonia  by  pressure  and  cold.     ^  gtrong  bent  tubc 

fn.  Fig.  95*  and  exposed  to  a  gentie  heat  over  a  lamp  or  fire, 
tlie  gas  is  discharged  in  immense  quantities,  and  by  the  power- 
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fill  pressure  which  it  exerts  upon  ilselfi  and  by  cold,  may 
easily  be  condensed  into  a  liquid  and  distilled  over  into  the 
other  arm  n  of  the  curved  tube,  kept  cool  by  immersion  in  a 
mixture  of  ice  and  salt,  while  the  water  in  which  it  was  dis- 
solved IS  left  behind.  If  this  arm  of  the  tube  be  now  taken 
from  the  fire  and  immersed  in  cold  water,  its  temperature 
being  at  once  reduced,  the  force  which  expelled  the  gas  from 
the  water  is  diminished,  and  the  pressure  upon  the  liquefied 
a'nmonia  in  n  is  reduced,  so  that  it  begins  to  evaporate  with 
great  rapidity  back  into  the  arm  m,  where  it  is  immediately 
re-absorbed  by  the  water  from  which  it  had  been  expelled. 
]iy  the  vacuum  created  by  this  absorption,  an  additional 
amount  of  the  liquefied  gas  in  n  is  allowed  to  evaporate, 
and  so  the  process  goes  on  until  the  whole  of  the  liquefied 
Ammonia  in  n  has  been  re-absorbed  by  the  water  from  which 
it  had  been  expelled  in  m,  and  the  leg  n  is  left  perfertly  dry. 
By  this  rapid  evaporation,  the  temperature  of  n  is  greatly  re- 
duced, and  if  immersed  in  water,  while  the  process  is 
going  on,  the  water  is  speedily  frozen.  When  this  has  taken 
place,  the  arm  m  should  be  a  second  time  heated,  the  ammonia 
again  expelled  and  liquefied  in  the  arm  n,  and  then  a  second 
time  evaporated,  and  so  the  process  repeated,  until  all  the  ice 
desired  has  been  produced. 

228*.  Carr^'g  Ice  Wlachine.  This  extremely  ingenious  ap- 
paratus is  intended  for  the  manufacture  of  ice  on  a  largo 
scale  by  the  liquefaction  and  subsequent  evaporation  of 
gaseous  Ammonia.  It  is  represented  in  Fig.  96*,  and  con- 
Fists  of  two  parts,  a  generator  A,  and  a  receiver  B.  Aqua  Am- 
monia is  introduced  into  the  generator,  which  is  then  placed 
over  a  fire  and  the  receiver  !s  immersed  in  a  vessel  of  cold 
water.  The  gaseous  Ammonia  is  discharged  in  immense  quan- 
tities, and  passing  through  the  valve  O,  Fig.  97*,  opening  up- 
wards, is  conveyed  by  the  tube  d  to  the  receiver  b,  (m  is  a  solid 
rod  intended  to  strengthen  the  apparatus,)  where,  by  the  com- 
bined influence  of  its  own  pressure  and  of  the  cold  of  the  sur- 
rounding water,  it  is  liquefied,  and  collected  in  the  small  recepta- 
cles r,  r,  r.  The  great  heat  which  is  set  free  by  this  liquefaction 
is  immediately  absorbed  and  removed  by  the  cold  water  in 
which  the  receiver  is  placed.  The  process  requires  about  1^ 
hours  for  completion,  and  is  stopped  as  soon  as  the  thermome- 
ter t  indicates  a  temperature  of  300°  F.     The  apparatus  is 

228*.    DMcribe  the  flzst  prooen  in  Carrt^f  ic«  machine.  Describe  the  second  proeeis. 
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then  taken  from  the  fire  and  the  generator  A  placed  in  a  vessel 
of  cold  water,  Fig.  97*.    At  the  same  time  the  vessel  of  cold 

water  is  withdrawn 
from  the  receiver  b, 
and  it  is  exposed  to  the 
natural  temperature  of 
tilt  air.  A  cylindrical 
^■11])  containing  I  he  wa- 
ti-r  to  be  frozen  is  then 
pLi,ced  in  the  central 
cavity  E  of  the  receiv- 
er f  and  covered.  As 
tb.'.  generator  cools,  the 
internal  pressure  within 
it  and  the  receiver  di- 
minishes, and  the  lique- 
fied Ammonia  at  once 
<-i>mmences  evaporating 
hiiok  from  the  receiver 
by  the  syphon-tube  and 
valve  s  into  the  genera- 


t      MM      H>  14    ■■  ^ 

CarrtU  Ice  Mackifu,    First  Process. 

tor.  where  it  is  immediately  absorbed  by  the  water  from  which 
it  had  been  previously  expelled 
Fig.  97* 


This  rapid  evapora- 
tion produces  so  much 
cold  as  to  freeze  the 
water,  contained  in  the 
central  vessel  e,  sohd  in 
the  course  of  1^  hours. 
By  this  evaporation  of 
the  liquefied  Ammonia 
back  into  the  genera- 
tor, the  liquid  which  it 
contains  is  restored  to 
its  original  strength,  and 
may  be  used  again  and 
again  for  the  production 
of  the  liquefied  gas. 

As  a  portion  of  the 

Cani's  Tee  Machine.     Srcond  Proeens.  water,    aboUt    i^uth,    dis- 

tills  over  with  the  gaseous  Ammonia  when  it  |>as8es  from  the  gen- 
erator to  the  receiver,  from  which  it  does  not  all  return,  wlien 
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the  Kqueiied  Ammonia  evaporates  bade  into  the  generator,  the 
receiver  becomes  gradually  filled  with  water,  And  the  quantity 
contained  in  the  generator  becomes  correspondingly  diminished. 
To  obviate  this  di£&cuity,  in  machines  constructed  for  the  manii- 
focture  of  ice  upon  a  large  scale,' the  receiver  is  placed  above 
the  generator,  that  the  water  may  be  drained  off  and  returned, 
charged  with  Ammonia,  to  the  generator  by  the  action  of  gravity, 
•  or  by  a  small  pump  worked  by  a  steam  engine. 

The  above  is  a  description  of  the  apparatus  as  first  invented 
and  used  upon  a  small  scale.  In  tlie  large  machines  intended 
for  the  manufacture  of  ice,  all  the  parts  are  greatly  enlarged 
.  and  strengthened.  The  generator  is  made  of  iron,  strongly 
hooped  with  steel  band:«,  so  as  to  be  oapable  of  sustaining  a 
pressure  of  700  lbs.  to  the  square  inch.  A  large  tank  is  pro- 
vided for  the  reception  of  the  water  that  surrounds  the  receiver. 
Tlie  receiver  eon^sts  of  several  stacks  of  tubes,  and  these  ai-e 
.  surrounded  by  a  6<^ution  of  chloride  of  calcium,  a  liquid  which 
does  not  freeze  until  reduced  many  degrees  below  the  freezing 
point  of  water,  and  which  therefore  remains  permanently  liquid. 
In  this  solution  and  between  the  tubes  of  the  receiver  into  which 
the  liquefied  gas  evi^rates,  are  placed  the  cans,  24  in  number, 
i  filled  with  the  water  to  be  frozen.  As  the  liquefied  Ammonia 
evaporates,  into  the  tubes  of  the  receiver,  so  much  heat  is  sM- 
.sorbed  and  rendered  latent  that  the  temperature  of  the  solution 
fof  chloride  of  calcium  in  which  the  eans  are  immersed  is  speedily 
reduced  msmy  degrees  below  the  freezing  point  of  water,  82°  F., 
and,  as  a  result,  the  water  contained  in  the  cans  at  the  expira- 
tion of  four  hours  is  completely  frozen.  The  cans  are  dipped 
for  a  moment  in  hot  water,  and  then  inverted,  in  onler 
to  remove  the  ice.  The  blocks  of  ice  are  uniformly  rect- 
angular, and  as  their  temperature  is  far  below  32°,  by  simply 
moistening  their  surfaces  they  freeze  perfectly  to  each  other, 
and  form  solid  blocks  of  any  required  dimensions.  The  water 
introducel  into  the  cans  is  perfectly  pui*e,  being  obtained 
by  distillation  from  the  water  contained  in  the  boiler  of 
tlie  steam  engine.  The  ice  therefore  is  perfectly  pure,  is  very 
hard  and  compact,  and  is  much  longer  in  melting  than  natui'al 

How  Ig  the  water  which  i^oes  oTer  Into  tho  receiver  retamed  to  the  generator?  De 
scribe  ttie  arranKement  of  Carre's  Ice  maehiD«»  for  actual  i»ie  upon  a  large  scale  for  the 
manufdcture  of  Ire.  Why  is  a  solution  of  chloride  of  calcium  emploved  ?  How  is  the 
Ice  extracted  from  the  cans  in  which  it  Is  frozen  ?  How  are  large  solid  blocks  fbrmed  ? 
State  the  amount  of  ice  that  may  be  prodooel  by  kheae  maohinee.  State  the  ooat  p^r 
'pound. 
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ice.  The  ice  can  also  be  made  at  a  Teiy  small  expense.  At 
the  Lonisiatfa  ice  works,  in  New  Orleans,  six  machines  produce 
from  72  to  76  tons  of  solid  ice  every  24  hours,  at  an  expense  of 
$3  per  ton.  It  is  estimated  that  about  eight  pounds  of  ice  may 
be  produced  for  one  cent.  At  tlrfs  cost,  one-half  cent  per  pound 
for  the  ice  would  yield  a  large  profit.  The  ice  made  by  this 
process,  under  the  direction  of  M.  Bujac,  is  used  by  seven- 
eighths  of  the  population  of  New  Orleans,  and  is  also  extensively 
exported  to  'Mexico  and  Texas.  Millions  of  pounds  have  been 
manufactured  and  consumed.  It  is  evident  that  this  process  is 
possessed  of  very  great  value  to  the  inhabitants  of  all  hot 
climates,  not  simply  for  the  manufacture  of  ice,  but  for  the 
cooling  ^  the  air  of  apartments  and  of  refrigerators. 

S27.  PreMuro  exerted  by  li^nefied  ChuMt.  In  order  to 
estimate  the  pressure  which  the  condensed  gases  exerted  upon  the 
interior  of  the  tubes  in  which  they  were  contained,  and  to  de- 
termine the  force  requisite  to  overcome  the  repulsive  energy  of 
their  own  particles  in  the  gaseous  state,  small  air  gauges  were 
enclosed  in  the  condensing  tubes.  The  pressure  was  estimated 
by  the  degree  to  which  the  air  in  the  gauges  was  compressed. 
Many  of  the  liquefied  gases  expand  upon  the  application  of 
lient  more  rapidly  than  in  the  gaseous  state.  It  has  aho  been 
found  that  Marriotte's  law,  that  the  elasticity  of  a  gas  increases 
directly  with  the  pressure,  although  correct  for  pressures  at  a* 
considerable  distance  above  the  point  of  condensation,  does  not 
hold  good  as  this  point  is  approached ;  in  this  case  the  elasticity 
is  not  proportioned  to  the  pressure,  but  is  considerably  less ;  be- 
cause the  repulsion  between  the  particles,  owing  to  the  diminu- 
tion of  distance*  is  no  longer  able  to  overcome  the  attraction  of 
cohesion,  this  attraction  increasing  in  power  the  more  nearly 
the  point  of  condensation  is  approached.  These  experiments 
have  been  prosecuted  with  great  success  by  Cagnlard  de  la  Tour. 
Various  liquids,  such  as  water,  alcohol,  and  ether,  were  enclosed 
in  strong  glass  tubes,  hermetically  sealed,  so  as  to  fill  somewhat 
less  than  one-fourth  their  capacity.  These  were  then  cautiously 
heated ;  the  liquids  expanded  until  their  bulk  was  nearly 
doubled ;  expansion  then  ceased,  in  consequence  of  the  immense 
pressure  to  which  they  were  subjected,  and  then  as  the  heat 
was  increased,  they  suddenly  passed  into  the  state  of  vapor  and 
disappeared.     Water  was  found  to  become  gaseous  in  a  space 

Name  the  gaiiefl  which  hare  resUited  all  attempta  at  soUdlflcation.— 227  How  is  the 
yre— mo  in  the  interior  of  tubes  in. whleh  t^aan  are  oondenmd  estimated  ?  At  what  nJt% 
do  the  liquefied  gaaes  expand  ?    Deacribe  the  expwimenta  of  De  la  Tour. 
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equal  to  about  four  times  its  original  bulk,  at  a  temperature  of 
about  773°  F.,  that  of  melting  zinc  As  the  vapors  cooled, 
suddenly  a  sort  of  cloud  filled  the  tube,  and  in  a  few  moments 
after,  the  liquid  reappeared.  Space  must  be  allowed  for  the 
full  expansion  of  the  liquid,  otherwise  the  strongest  vessels  will 
give  way.  Thus  it  has  been  ascertained,  from  these  and  other 
experiments,  that  there  exists  for  every  liquid  a  temperature  at 
which  no  amount  of  pressure  will  retain  it  in  the  liquid  state, 
but  it  will  inevitably  assume  the  form  of  a  gas.  This  being 
true,  it  is  not  strange  that  for  some  gases  there  is  a  temperature 
above  which  no  amount  of  pressure  is  sufficient  to  reduce  them 
to  the  liquid  state.  These  are  the  gases  which,  like  air  and 
oxygen,  have  remained  uncondensed,  whatever  the  pressure  to 
which  they  have  been  subjected. 

228.  The  present  constitation  of  the  Globe  entirely  depend- 
ent on  iti  temperature.  From  these  and  other  experiments,  we 
justly  conclude  that  the  state  of  matter,  as  solid,  liquid,  or 
gaseous,  depends  chiefly  on  the  temperature  to  which  it  is  sub- 
jected. At  a  sufficiently  high  temperature,  the  most  infusible 
forms  of  matter,  such  as  refractory  minerals,  and  the  metal 
platinum,  would  naturally  exist  in  a  state  of  vapor,  as  aeriform 
flilds,  perhaps,  colorless,  inodorous,  and  invisible.  And  at  a 
former  period  in  the  history  of  our  planet,  it  is,  chemically 
speaking,  not  impossible  that  all  the  matter  of  which  the  earth 
consists  may  have  been  in  an  invisible  and  aeriform  state,  or 
perhaps  a  nebulous  mass.  On  the  other  hand,  at  a  sufficiently 
low  temperature,  probably  the  most  volatile  of  substances,  like 
the  atmosphere  aiid  oxygen  and  hydrogen  gases,  would  eventu- 
ally become  as  solid  as  the  most  solid  rocks  and  metals,  and  all 
the  aeriform  fluids  be  condensed.  In  such  a  state  of  things 
there  would  be  no  atmosphere  and  no  water,  nor  any  other  sub- 
stance on  the  face  of  the  whole  earth,  whose  particles  would 
possess  any  power  of  movement  among  themselves.  Either  of 
these  extreme  temperatures  would  be  fatal  to  the  existence  of 
man  and  animab,  as  well  as  to  that  of  plants,  and  strip  the 
earth  of  everything  pleasant  to  the  eye,  as  well  as  of  all  articles 
good  for  food.  Tliat  neither  of  these  extremes  exists,  but  ex- 
actly that  happy  mean  in  virtue  of  which  all  the  three  states  of 
matter  can  exist  and  co-exist  side  by  side,  the  solid  rock,  the 
liquid  water,  the  gaseous  atmosphere,  is  surely  a  conspicuous 
p. oof  of  most  refined  design  in  the  arrangement  of  the  realm 

22S.  Show  that  Uie  present  oonstitution  of  the  globe  Is  entirely  dependent  upon  its 
temperature. 
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of  Nature,  and  a  sure  proof  to  us  of  the  goodness  and  the 
beneficence,  as  well  as  of  the  wisdom  and  power  of  the  Creator. 

Exp«ri]iiMkta  (— Efftots  of  H«at(    Evaporatloii. 

1.  Evai^ratloii.  Bmt  It  absorbed  In  the  moeem  of  erapontkm,  u  well  m  thai 
of  eboIUtton.  ThlJi  may  be  shown  by  dropping  ether  upon  the  bulb  of  a  thermometer : 
tiie  mercury  IkUa,  because  its  heat  Is  absorbed  by  the  Taporlaitloa  of  the  ether. 

8.  The  lapidity  of  eraporation  Is  greatly  increased  by  the  remoTal  of  the  atmospherie 
pressure.  Place  ether  under  the  reeelTer  of  the  air  pump,  and  exhaust  the  air :  the 
ether  begins  to  boll,  and  a  thermometer  Introduced  into  it  unks  below  82o. 

5.  Pour  ether  upon  the  surface  of  water  In  a  watch  glass,  and  eraporate  rapidly  by 
means  of  the  air  pump :  the  water  will  be  frosen.  The  watch  i^ass  should  be  placed  In 
the  Interior  of  a  Urge  Tessel,  also  filled  with  ether.  To  make  these  experiments  succeed 
with  promptness  the  water,  ether,  and  sulphuric  acid,  as  well  as  the  Tesfiels  employed, 
should  be  preriously  cooled  by  being  placed  on  Ice.  The  watch  glass  should  be  supported 
upon  a  ring  of  tin.  wound  with  woolen  cloth. 

%,  Place  water  in  a  watch  glass,  in  strong  sulphuric  acid,  and  exhaust  the  air  by  an 
air  pump.  The  water  will  be  froxen  by  Its  own  eTaporation.  The  Tapor,  as  fluit  as  It 
rIsaSf  Is  condensed  by  the  sulphuric  add.    The  air  pump  must  be  kept  Tery  steady. 

6.  A  single  drop  of  water  placed  on  the  plate  of  an  air  pump  may  be  froaen  simply  br 
Its  own  evaporation ;  also  a  nngle  drop  of  water  placed  upon  a  piece  of  burnt  cork,  hof- 
lowed  upon  its  upper  surCuie. 

C  ProTlde  an  unbaked  clay  cup,— one  of  the  cups  of  OroTe^s  battery  will  answer  Tenr 
well, — pour  water  into  It,  and  introduce  a  thermometer  As  the  water  percolates  through 
the  cup  and  eraporates,  the  thermometer  sinks.  The  effect  Is  greater  If  ether  or  alcohol 
aroused. 

7.  Drop  ether  or  alcohol  upon  the  bulb  of  the  large  air  thermometer,  preriously  de- 
•eribed,  Fig  46,  and  the  sinking  of  the  liquid  In  the  stem  will  be  Tery  marked. 

••  Place  deep  wine  glasses  of  water,  alcohol,  and  ether,  under  the  same  rereiTer  of  an 
ftir  pump,  with  a  thermometer  in  each,jind  noto  the  difference  in  the  told  produced  when 
the  air  Is  withdrawn,  owing  to  the  difference  in  the  rate  of  evaporation. 

••  If  ether  be  allowed  to  &11,  drop  by  drop,  upon  a  thin  vial  of  water,  covered  with 
mosUn,  In  a  current  of  air  like  that  produced  by  a  bellows,  the  water  will  be  fiozen. 

lOw  That  heat  Is  absorbed  by  evaporation,  under  all  circumstances.  Is  shown  by  the 
eryophorus  of  Dr.  Wollaston.  The  empty  bulb  must  be  placed  in  a  flieesing  mixture  of 
•quskl  parts  of  snow  and  salt ;  the  vapor  within  it  Is  condensed ;  rapid  evaporation  takes 
place  from  the  liquid  in  the  other  bulb,  and  it  soon  Areexes.  Both  bulbs  should  be  pro- 
tected from  draughts  of  air,  and  previously  somewhat  cooled ;  the  experiment  should 
not  be  attempted  in  a  warm  room. 

1 1*  The  pulse  glass  held  In  the  hand,  as  soon  as  It  bolls,  produces  a  senmtlon  of  cold, 
on  the  same  principle. 

la.  The  water  hammer,  made  to  boll  In  the  same  way,  also  illustrates  the  same  truth. 

13.  That  the  amount  of  moisture  existing  Invisibly  in  the  air  depends  upon  its  tem- 
perature, may  be  shown  by  placing  a  bottle  of  moist  air,  tightly  corked,  upon  Ice  and 
•alt.  In  a  bowl.    As  the  air  cools,  a  cloud  appears  within  the  boUIe. 

14.  Ice  and  snow  mixed,  and  placed  In  a  jar,  will  soon  Induce  a  deposit  of  moisture 
on  the  outside,  from  the  air,  which  Is  cooled  by  contact  with  it. 

16*  The  Dutch  weather  house;  the  sponge  balance  hygrometer;  the  hygrometer  of 
Sanssure,  may  all  be  used  to  demonstrate  the  varying  amount  of  moisture  In  the  air,  by 
lemovlng  them  from  a  damp  to  a  dry  atmosphere,  and  the  reverw. 

16.  Danlell's  hygrometer  will  illustnte  the  same  fiict  on  a  different  principle. 

17.  Pbu^e  a  square  piece  of  copper  upon  the  surfiice  of  a  mixture  of  ice  and  salt,  and 
observe  the  minute  drops  of  moixture  formed.  This  illustrates  the  mode  in  which  dew 
if  formed  upon  the  earth,  the  difference  being  that  In  one  case  the  copper  Is  cooled  by 
the  ke,  in  the  other  the  earth  is  cooled  by  radiation. 

18.  Expose  diiforent  plates  of  different  substances,  such  as  gUss,  wood,  rough  copper, 
polished  copper,  all  of  the  same  siae.  on  a  cool  night  in  summer,  and  observe  the  different 
amounts  of  dew  collected  upon  them. 

19.  Place  a  thermometer  upon  the  ground  on  a  clear  night,  suspend  a  second  ther- 
mometer 10  or  12  feet  above  It.  in  the  air,  and  note  how  much  lower  the  first  sinks  than 
the  second,  showing  that  dew  Is  caused  by  the  radlatton  of  the  heat  of  the  earth,  and  not 
by  the  general  coolness  of  the  atmosphere. 

80.  Solidified  Onrbonio  Aold.  The  dry  solid  add  may  be  bald  In  the  hand 
with  Impunity ;  mixed  with  sulphuric  ether,  It  Is  daagprous  to  handle. 
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,  ftl.  Place  ft  aHdl  quantity  on  gtoat  plate  k1m>t  no  islbct  takes  pkM  10  long  wit  T^ 
mains  dry ;  pour  ether  on  It  and  the  glaae  is  broken  at  onoe  hy  tlie  inteOBo  cold  wtiich  is 
^loduced. 

24,  Mix  the  solid  carbonic  acid  with  sulphuric  ether,  upon  the  snrfkce  <^  mercury  in 
A  wooden  bowl.    The  metal  will  almost  immediately  be  froxen 

2  i.  Place  a  mcHUl  at  the  bottom  of  the  bowl,  and  an  impression  of  ttw  medal  will  be 
taken  in  the  ibereury. 

2t.  Introduce  a  mercurial  thermometer,  and  observe  the  rapid  fall  of  the  fluid  into 
the  bulb,  and  its  subsicaucnt  congelation  and  great  contraction. 

2  i.  Introduce  a  spint  themiometefr,  and  note  the  dtlference  of  vfltot. 

25.  Throw  some  of  the  solid  acid  upon  cold  water. 
2  7.  Throw  some  of  it  upon  hot  water. 

28.  Place  some  of  it  at  the  bottom  Of  ft  Jar  in  ifbkih  a  eandle  Is  burning,  and  obBervs 
tlie  going  out  of  the  flame. 
29«  Introduce  a  taper  Into  such  ajar. 

30.  Throw  some  of  the  solidifled  mercury  into  water :  ttie  mereuir  melts,  but  the 
water  at  the  same  time  fteezes.  This  is  an  excellent  illustration  of  the  afaeorption  of  host 
always  attendant  upon  liquefiction. 

31.  Place  some  of  the  solid  carbonic  add  and  ether  under  the  receiyerof  an  air  pump, 
with  »  spirits  thermometer  gradoatAd  Tery  low,  and  exhaust ;  note  the  extmnely  low 
temperature  produced ;  =— 166o  F. 

3^.  Heat  a  silver  or  platinum  capsule  to  ft  full  red  heat,  over  a  poworfhl  spirit  vapor 
or  gis  lamp ;  throw  in  a  quantity  of  mixture  of  solid  carbonic  acid  and  ether;  Introduce 
quickly  a  little  mercury  in  a  platlnimi  spoon  ;  the  ether  will  probably  take  fire  and  bum, 
but  notwithstanding,  the  mercucy  will  be  frosen,  and  may  be  turned  out  a  solid  r 
upon  the  table. 

JI3.  iTDatwftteria  the 4ame  moaner;  it  will alao  be  flcoani. 


fi  VL~fi^ocific  Bsatr-Ciqpacity  lor  Boat. 

2S9.  Tho  amount  of  Hoot  in  dMfovomt  bodioo  of  the  aomo 
tomperatnro  nnoqnaL— Spocifio  Heat.  It  has  been  soen  that,  m 
th^  important  processes  of  liquefaction  and  vaporization,  a  large 
amount  of  heat  disappears  and  becomes  latent,  without  producing 
the  smallest  effect  upon  the  temperature  of  the  solid  aiid  liqoid 
in  question.  It  is  evident,  therefore,  that  beat  can  exist  in  a 
body  without  being  free  or  sensible.  Heat,  in  ^is  state,  is 
called  heat  of  composition,  because  it  has,  so  to  speak,  eombined 
with  the  body  which  it  has  entered,  producing  a  compound  sub- 
stance which,  in  some  respects,  does  not  exhibit  all  the  proper- 
ties of  its  component  parts ;  and  as  it  is  one  of  the  characteris- 
tics of  chemical  combination  that  the  properties  of  the  elements 
are  never  displayed  in  the  compound  produced,  it  is  supposed 
that  some  such  union  has  taken  place  in  this  case  between  the 
heat  absorbod,  and  the  body  in  question.  The  heat  thus  ab- 
sorbed is  called  Latent  Heat.  It  has  also  been  seen  that  equal 
weights  of  different  bodies  of  the  same  temperature  do  not  con- 
tain the  same  amount  of  heat.     Thus  a  pound  of  ice  at  32°(§§ 

229.  What  U  meant  by  beat  of  oompodtioo?    By  latent  heat! 
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%  41  and  142)niay  have  140**  of  heat  added  to  it,  and  be<x)nvertefl 
into  a  pound  of  water  without  having  its  temperature  elevated 
1**.  It  is  evident,  therefore,  that  the  pound  of  water  at  32°  must 
contain  at  least  140**  more  heat  than  the  pound  of  ice  of  flie 
same  temperature.  The  same  is  true  of  a  pound  of  steam  at 
212°,  and  a  pound  of  water  at  212° ;  the  former  contains  at  lea<t 
1000°  more  heat  than  the  latter,  and  yet  they  are  both  of  the 
same  temperature.  It  is,  therefore,  a  general  truth,  that  equal 
weights  of  the  same  substance  contain  equal  quantities  of  heat, 
but  equal  weights  of  diiferent  bodies,  at  the  same  temperature, 
contain  unequal  quantities  of  heat.  This  difference  in  bodies, 
in  regard  to  the  amount  of  heat  which  they  contain  at  the  same 
temperature,  was  described  by  Dr.  Black,  who  was  the  earliest 
experimenter  upon  this  subject,  by  the  term  capacittf  for  keaty 
"  a  word  apparently  suggested  by  the  idea  that  the  heat  present 
in  any  substance  is  contained  within  its  pores,  or  in  the  spaces 
left  between  its  particles,  and  that  the  quantity  of  heat  is  regu- 
lated by  the  size  of  its  pores."  This  term  is  now  discarded, 
and  in  place  of  it  that  of  specific  heat  has  been  generally  sub- 
stituted. Every  substance  is  said  to 'have  a  specific  heat,  pecu- 
liar to  itself.  By  specific  heat  is  meant,  the  quantity  of  heat 
required  to  raise  the  temperature  of  any  given  substance  1°  F., 
compared  with  the  quantity  of  heat  required  to  raise  the  tem- 
perature of  an  equal  weight  of  water  1°.  The  specific  heat 
of  water  is  taken  as  unity,  and  that  of  all  other  bodies  is  differ- 
ent from  it,  because  an  equal  weight  of  each  requires  more  or 
less  heat  than  water  to  raise  its  temperature  1°.  The  spe- 
cific heat  of  water  being  1,  that  of  mercury  is  .083,  because  it 
requires  88  tinies  less  heat  to  raise  the  temperature  of  mercury 
1°,  than  it  does  to  raise  the  temperature  of  an  equal  weight 
of  water  1°.  The  specific  heat  of  bodies  is  one  of  their 
most  important  properties,  and  a  vast  amount  of  labor  and  skill 
has  been  expended  upon  the  different  methods  for  ascertaining 
it.  It  is  sometimes  called  ccdorimetry,  and  the  instruments  for 
determining  it  calorimeters. 

230.  Roof  that  equal  woifirhts  of  diffbrent  iubstancei  con- 
tain nnoqnal  amonnti  of  hoat.H3pecific  heat  determined  by 
miaBtnre.  That  equal  weights  of  different  bodies  at  the  same 
temperature  contain  unequal  quantities  of  heat,  may  readily  be 

How  eux  it  be  proved  that  eqiua  velghts  if  dlfllarant  bodies,  at  the  eame  tempemtove, 
contain  unequal  amonnts  of  heat  ?  What  is  meant  by  the  term  capacity  for  heat  f  What 
t^rm  is  now  substituted  for  it?  What  is  meant  by  speciflo  heat  ?  Gire  the  specifle  heat 
of  watf>r  and  mercury.  State  what  is  meant  by  this.— 280.  ProTe  that  equal  weight!  of 
difltfent  subatanow  contain  unequal  amounts  of  heat  by  the  process  of  miztore. 
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proved  hj  observing  tbnt  the  same  number  of  degrees  of  heat 
communicated  to  two  different  bodies,  will  raise  their  tempera- 
tures very  unequally.     Thus,  if  to  a  pound  of  water,  and  a 
pound  of  mercury,  at  the  same  temperature,  equal  amounts  of 
heat  be  added,  the  temperature  of  the  mercury  will  rise  33 
times  as  much  as  that  of  the  water.     In  other  words,  water 
requires  33  times  more  heat  than  an  equal  weight  of  mercury 
in  order  to  be  raised  to  the  same  temperature.     The  ei|ual 
amounts  of  heat  may  be  added  to  the  different  substances  in 
several  modes.     Thus,  if  to  1  lb.  of  mercury  at  40°,  1  lb.  of 
water  at   100°  be  added,  the  temperature  of  the  mixture  will 
stand  at  98^°,  i  e.,  the  1  'i°  lost  by  the  water  has  heated  the  mer- 
cuiy  5^°.     While  on  the  other  hand,  if  to  1  lb.  of  water  at  40% 
1  lb.  of  mercuiy  at  100°  be  added,  the  temperature  of  the  mix- 
ture will  be  only  41if°,  i.  e.,  the  58^°  lost  by  the  mercury  will 
have  heated  the  water  by  1  J°.     The  amount  of  heat  added  in 
both  cases  to  the  colder  substance  has  been  the  same,  but  the 
effect  has  been  to  raise  the  temperature  of  the  cold  water  only 
]  i°,  while  the  temperature  of  the  mercury  has  actually  been 
increased  58^°.      Water, .  therefore,  has   a   greater  power  of 
holding  heat,  or,  as  it  is  called,  a  greater  capacity  for  heat,  oom* 
pared  with  mercury,  in  the  proportion  of  53  to  1,  nearly.    In 
the  same  way,  if  to  1  lb.  of  water  at  50°,  1  lb.  of  spermaceti 
oil  at  100°  be  added,  the  temperature  of  the  mixture  will  be 
66f  °,  i.  e.,  the  33  J °  lost  by  the  oil,  has  heated  the  water  only 
16J°,  while  if  the  experiment  were  reversed,  the  water  being 
at  100°,  and  the  oil  at  50°,  it  would  be  found  that  the  oil  had 
gained  83 J°,  and  the  water  lost  16J°,  whence  it  appears  that 
the  capacity  of  the  water  for  heat  is  twice  as  great  as  that  of 
spermaceti  oil,  and  consequently,  that  in  order  to  warm  a  cer- 
tain weight  of  water  to  the  same  degree  as  an  equal  weight  of 
oil  and  mercury,  twice  as  much  heat  must  be  given  to  the  water 
as  to  the  oil,  and  33  times  as  much  as  to  the  mercury. 

£31.  Specific  heat  determined  by  the  different  timei  re- 
quired te  heat  et^aal  weig-hta  of  difibrent  bodies  an  equal  nam* 
ber  of  decrees.  The  same  fact  may  also  be  proved  by  noting 
the  time  required  for  equal  weights  of  different  substances  to 
be  heated  by  the  same  number  of  degrees.  Let  a  pound  of 
water,  of  oil,  and  of  mercury,  placed  in  three  separate  flasks,  be 
brought  severally  to  the  temperature  of  50°,  and  then  placed 
in  a  bath  of  warm  water  at  100°.     It  will  be  found  that  when 

Wl.    ProTA  the  mune  thing  by  the  different  timet  required  to  boat  equal  weights  of 
dlflBnmt  bodies  bj  an  equal  Qomber  of  d^rees. 
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the  mercury  has  reached  the  temperature  of  80^,  the  oil  will 
stand  at  52'',  and  the  water  at  51^,  and  that  though  eventually 
they  all  reach  the  same  temperature,  the  water  takes  33  times 
longer  to  acquire  that  heat  than  the  mercury,  and  twice  as  long 
as  the  oil.  They  are  all,  however,  receiving  heat  at  the  same 
rate ;  and  the  only  explanation  which  can  be  given  of  the  fact 
is,  that  the  water  has  more  capacity  for  receiving  and  contain- 
ing heat  in  an  insensible  form  than  the  other  substances,  or  that 
its  constitution  is  such  that  it  requires  more  heat  in  order  to 
have  its  external  and  sensible  temperature  raised  to  the  same 
point. 

932*  Bpacific  heat  determined  by  the  rate  of  cooling  an 
equal  number  of  degrrees*  Again,  on  heating  a  pound  of  water, 
oil  and  mercury,  each  to  212°,  in  separate  flasks,  and  immersing 
them  in  melting  ice,  which  always  stands  at  the  constant  tempera- 
ture of  32*^,  it  will  be  found  that  the  times  required  for  each 
to  cool  through  50°,  or  any  other  equal  number  of  degrees,  will 
be  in  the  pro|)ortioa  of  33  to  2  and  1.  The  water  will  be  33 
times  longer  in  cooling  than  the  mercury,  and  twice  as  long  as 
the  oil. 


'•fg.  95. 

OIL. 

MERCDRT. 

M^ 

213* 

Capacity  for  Heat  of  Watrr^  Oil  and  Mercury. 


282.  Show  how  fpecific  heat  can  be  detenniDod  bj  the  nte  of  cooling. 
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233*  0peciflc  heat  datemilood  by  the  quantity  aC  i^m 
melted  by  equal  weights  of  different  subetanceB  in  cooling 
from  212°  to  32°«  It  this  be  true,  it  is  quite  evident  that  when 
water  ccwls  a  certain  number  of  degrees,  it  must  give  out  33 
times  as  much  heat  as  mercury  in  cooling  an  equal  niunber  of 
degrees,  and  twice  as  much  as  oil.  The  amount  of  heat  given 
out  can  readily  be  estimated  by  measuring  the  amount  of  water 
produced  by  the  melting  of  ice  in  each  case.  Thus,  let  a  pound 
of  water,  a  pound  of  oil,  and  a  pound  of  mercury,  contained  in 
separate  flasks,  be  brought  to  the  temperature  of  212**,  by  im- 
meinsion  in  boiling  water,  and  then  be  surrounded  by  ice  in  fun- 
nels, placed  over  graduated  glass  jara,  as  in  Fig.  95,  and  the 
quantity  of  water  produced  in  the  cooling  of  the  three  flasks 
from  212°  to  32°,  be  carefully  measured;  it  will  be  found  to  be 
in  the  case  of  the  vessel  of  water,  33  times  as  much  as  that 
produced  by  the  cooling  of  mercury,  and  twice  as  much  as  in 
the  case  of  oil. 

234-  The  Calorimeter  of  Lavoisier  and  Implace-  The 
celebrated  calorimeter  of  Ijavol^^ier  and  Laplace,  was  constructed 
on  this  principle;  Fig,  96.     The  appamtus  consists  of  three 


Fig.  96. 


Ifu  Calorimeter  of  Lavoisier  and  LapUue, 

concentric  vessels  of  sheet  brass,  arranged  one  within  the  other. 

283*  Show  how  npeciflc  heat  can  be  deteimined  by  the  quantity  of  ice  melted  by  bodies 
in  cooling  from  212®  to  82o.— 284.  Dewribe  the  oalorinieter  of  I^aToifder  anil  L*]ilafi». 
DMeribe  a  more  simple  mode  of  determining  the  same  thing  by  a  vessel  at  ice. 
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In  the  inner  is  pdaeed  the  substance  whose  specific  heitt  is  to  be 
determined,  having  been  previoudly  heated  to  212^  by  im- 
mersion in  boiling  water.  The  two  exterior  compartments,  A. 
and  B,  are  filled  with  ponnded  ice ;  the  ice  of  the  compartment 
▲,  is  intended  to  be  melted  by  the  hot  body,  h  i  the  ice  in  the 
eompartment  b,  is  intended  to  cut  off  the  radiant  heat  of  the 
cxtemsd  air,  in  order  that  the  ice  melted  in  a  may  be  due  solely 
to  the  heat  proceeding  from  the  body  m.  Two  stopH^ocks  are 
provided,  d  and  e,  for  the  purpose  of  drawing  off  the  water. 
The  hot  body  is  first  introduced,  and  covered  with  a  double  lid ; 
the  stop-oo(^  D  is  then  opened,  and  the  water  formed  allowed 
to  trickle  into  a  measuring  ^ass.  When  ihe  temperature  of 
the  hot  body  has  fiiUen  to  32^,  the  water  will  cease  running,  and 
the  amount  is  then  carefiilly  measured  and  compared  with 
that  produced  by  the  cooHng  of  an  equal  weight  of  water  from 
312^  to  82^  It  has  been  otgected  to  this  instrument,  that  a 
portion  of  the  water  formed  is  detained  by  adhesion  within  the 
inner  vessel,  and  that  a  portion  may  be 
Fi8*  ^7.  frozen  a  second  time,  and  thus  the  indica^ 

tions  of  the  instrument  may  be  vitiated.  A 
more  sim;^  mode  of  determining  specific 
heat  is  to  place  the  body  previously  heated 
to  212°,  in  a  piece  of  ice  which  has  been 
scooped  out  to  recseive  it  a  Fig.  i>7, 
and  covered  with  a  lid,  h,  of  the  same  roat'e- 

rial.     When  th«  substance  has  cooled  to 

ap^^fic  Htat,  32°,  the  water  should  be  poured  out  and 

meaflured;  this  amount  compared  with  that 
produced  by  an  equal  weight  of  water  in  cooling  from  212°  to 
82°,  will  give  the  specific  heat  required. 

QMm  ipecific  heat  determiaed  by  the  riae  of  tamperataro 
nrodncad  by  the  immeraioii  of  equal  weights  of  different 
oodieey  for  the  same  time  in  equal  weights  of  water.  In  this 
process,  equal  weights  ofwater  and  of  the  substances  in  question 
are  heated  to  212°,  and  then  immersed  for  the  same  length  of 
thne,  in  equal  weights  of  water,  of  exactly  the  same  tempera- 
ture. The  difference  in  the  temperature  of  the  water,  contHined 
in  the  different  vessels,  will  give  the  specific  heat.  The  differ-^ 
ence  in  the  time  required  for  heating  the  water  in  each  vessel 
an  equal  number  of  degrees  by  the  different  substances,  will  give 
the  same  resulL 

28t>.  Show  how  upccMc  h«t  may  be  deCennined  by  tb«  number  of  degreet  of  heat  im- 
parted to  water  la  the  aame  liiiie.  '  ... 
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236m  T3i0  ipecific  heat  of  Water.  The  specific  heat  of 
water,  or  the  capacity  of  thU  substance  for  heat,  is  greater  than 
that  of  any  other  liquid,  and  also  of  all  solids,  and  consequentlj 
to  change  the  temperature  of  large  masses  of  water,  is  a  work  of 
time.  Water  may  have  a  very  large  amount  of  heat  poured 
into  it  without  any  perceptible  effect  upon  its  temperature.  And 
on  the  other  hand,  a  vast  amount  of  heat  may  be  abstracted 
from  water  without  any  sensible  diminution  of  its  temperature. 
This  is  due  to  its  inmiense  capacity  for  heat.  Water,  therefore, 
in  consequence  of  the  slight  effect  produced  upon  it  by  varia- 
tions of  atmospheric  temperature,  would  make  a  very  poor  ther- 
mometric  fluid.  Mercury,  on  the  contrary,  whose  specific  heat, 
or  capacity  for  heat,  is  33  times  less  than  that  of  water,  yields 
to  the  slightest  change  of  temperature,  and  is  therefore  admira- 
bly adapted  to  thermometric  purpose.^.  The  susceptibility  of 
bodies  to  changes  of  temperature  is  always  in  the  inverse  pro- 
portion to  their  specific  heat. 

237*  Speciflc  Beat  of  Solids*  The  determination  of  the 
specific  heat  of  bodies  is  necessarily  attended  with  great  difii- 
culty,  owing  to  the  variety  of  the  sources  of  error,  and  the  num- 
ber of  precautions  required;  and  much  careful  consideration 
and  experiment  has  been  bestowed  upon  it.  The  following 
table  gives  some  of  the  results  of  M.  Regnault,  one  of  the 
most  successful  of  the  later  experimenters  on  this  subject,  ob 
tained  by  the  processes  of  immersion  and  mixture,  and  they 
bring  to  light  some  very  curious  facts : 

Specific  Heat  of  Sclide  of  equal  weight  between  82^  and  2\V*. 


Water, 1. 

Charcoal, 0.24150 

Glaas, 0.19768 

Iron, 0.11379 

Zinc, 0.09655 

Copper, 0.09515 

Brass, 0.09391 


Silver, O.O570I 

Tin, 0.0562S 

Mercury, O.OSi382 

Platinum, 0.03243 

Gold, 0.03244 

Lead, 0.03140 


238*  Speciflc  heat  of  Zfliqnids*  The  specific  heat  of  liquids 
is  determined  by  the  same  methods  as  that  of  solids.  Water  is 
taken  as  the  standard,  and  the  specific  heat  of  all  other  liquids 
L)  compared  with  it.  The  specific  heat  of  water  is  greater  than 
that  of  all  other  liquids,  without  exception.     A  body  in  the 

283  How  do«f  the  specttlo  heat  of  water  compare  wUh  that  of  other  bodies?  Wha4 
are  mmbo  of  the  results  of  this  peculiarity  ?— 287.  Qive  Bome  of  the  results  of  Regnautt^ 
table.— 288.  Uow  Is  the  specific  heat  of*Uquida  determined?    Give  the  table. 


Digitized  by  VjOOQIC 


AND   LIQUIDS.  217 

liquid  state  has  a  higher  specific  heat  than  the  same  substance 
when  in  the  solid  form.  This  is  very  marked  in  the  case  of 
water,  in  which  the  specific  heat  is  double  that  of  ice,  water 
being  1.000,  ice  is  0.505. 

Table  of  Specific  Heat  of  Liquids, 


Water, 1.00000 

Oil  of  Turpentine,    .    .  0.42693 

Alcohol, 0.616 

Ether, 0.6118 


Bi-Sulphide  of  Carbon,  .     0.2803 

Bromine,      O.lOftO 

Chloroform,       ....     0.2293 


239-  9p«ciflc  h0at  of  Oases-  The  determination  of  the  Fpe- 
cific  heat  of  gases  is  attended  with  unusual  difficulties,  on  ac- 
count of  the  facility  with  which  their  bulk  and  weight  are  influ- 
enced by  external  circumstances,  and  though  conducted  by  many 
philosophers  of  distinguished  experimental  skill,  the  best  results 
can  be  viewed  only  as  approximations,  requiring  to  be  corrected 
by  future  research.  Dr.  Crawford,  the  first  careful  experimenter 
on  this  subject,  conducted  his  experiments  in  the  following  man- 
ner. He  selected  two  copper  vessels,  made  as  light  as  possible, 
and  exactly  of  the  same  form,  size  and  weight,  exhausted  one 
of  them,  and  filled  the  other  with  the  gas,  to  be  examined.  They 
were  heated  to  the  same  temperature  by  immersion  in  the  same 
ressel  of  hot  water,  and  then  plunged  into  equal  quantities  of 
cold  water,  of  the  same  temperature.  Each  flask  heated  the 
water ;  but  while  the  exhausted  flask  communicated  solely  the 
heat  of  the  copper,  the  other  gave  out  the  heat  of  the  copper 
plus  that  of  the  gas  which  it  contained.  The  number  of  de- 
grees by  which  the  cold  water  was  heated  by  the  former, 
deducted  from  the  number  of  degrees  by  which  it  was  heated 
by  the  latter,  gave  the  heating  power  of  the  confined  gas.  By 
repeating  the  experiment,  with  air  and  different  gases,  their 
comparative  heating  powers,  or  specific  heats,  were  ascertained. 
These  experiments,  though  correct  in  principle,  are  not  consid- 
ered reliable,  on  account  of  the  superior  heating  influence  of 
the  copper  globes  compared  with  the  Bmall  amounts  of  gas  that 
were  employed.  The  same  subject  was  next  investigated  by 
Lavoisier  and  Laplace,  with  the  aid  of  their  calorimeter  ;  §  234. 
A  current  of  gas  was  transmitted  through  a  spiral  tube  placed  in 
boiling  water,  in  order  to  be  heated  to  a  fixed  temperature,  and 
was  then  made  to  circulate  witliln  the  calorimeter,  in  a  similar 

289.  How  in  the  upecific  heat  of  gaaes  determliMd?    Describe  Crawibrd's  procees.    De- 
•oribe  iMToiuer'B  method. 
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tube,  surrounded  by  ice.  Its  temperature,  in  entering  and  quit* 
ting  the  calorimeter,  was  noted  by  means  of  thermometers,  an4 
the  number  of  degrees  of  heat  lost  in  cooling  from  212°  to  32'* 
was  estimated  by  the  quantity  of  ice  liquefied.  These  experi* 
ments,  though  very  ingenious,  and  conducted  with  great  care, 
are  thought  to  be  inaccurate,  for  the  reason  previously  given, 
that,  in  the  use  of  ice,  a  portion  of  the  water  formed  may  be 
frozen  a  second  time  in  consequence  of  the  low  temperature  of 
the  apparatus,  and  a  portion  also  detained  aqd  prevented  from 
escaping  into  the  measuring  ^ss,  by  the  adhesive  acticm  of  the 
ice.  A  similar  set  of  experiments  was  afterwards  undertaken 
by  Delaroche  and  Berard.  They  transmitted  known  quantities 
of  gas,  heated  to  212°.  in  a  uniform  current  through  the  calo- 
rimeter, and  instead  of  ice,  surrounded  the  serpentine  tube  with 
water.  The  temperature  of  the  gas,  at  the  moment  of  its  exit, 
was  carefully  noted,  and  the  number  of  degrees  of  heat  which 
it  imparted  to  the  water,  in  cooling  from  212°,  was  also  carefully 
ascertained  by  delicate  thermometers.  The  results  of  their 
experiments  are  contained  in  the  following  table,  which  for  a 
long  time  was  thought  to  furnish  the  most  accurate  determina- 
tion of  the  specific  heat  of  gases.  Equal  weights  of  the  gases 
were  used  in  all  cases.  In  the  first  column  the  specific  heat  of 
water  is  taken  as  the  standard  of  comparison ;  in  the  second 
column  the  specific  heat  of  air  is  taken  for  (he  standard : 

Delaroche  and  BerarcTs  Table  of  the  Specific  Heat  of  Gatm.  j 


GaM!fl,  equal  weights. 


Water,     . 

Watery  Vapor,     . 

Air, 

Oxygen, 

Nitrogen, 

Hydrogen,    . 

Protoxide  of  Nitrogen, 

Heavy  Garb.  Hydrogen, 

Oxide  of  Carbon,     , 

Carbonic  Acid,     . 


Water  the 
Standard. 


1.0000 
0.8470 
0.2669 
0.2361 
0.2754 
8.29S6 
0.2369 
0.4207 
0.2884 
0.2210 


Air  the 
Standaid. 


1.0000 
0.8848 
1.0318 
12.8400 
0.887a 
1.5768 
1.0805 
0.8280 


It  is  very  evident,  from  this  ti(ble,  that  equal  weights  <?f  the 
different  gases  differ  very  much  in  the  quantity  of  heat  which 
they  contain.     The  specific  heat  of  hydrogen  is  twelve  times 

Describe  that  of  DeUroehe  and  Berard.  OiTeBomeof  the  reralte  of  their  table.  How 
dow  the  speoiflc  heat  of  hydrogen  compare  with  that  of  other  gaMa,  and  erea  with  ths 
metals. 
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greater  than  tiutt  of  air ;  that  of  nitrogen  and  oxide  of  carbon 
aboat  the  same  as  air.  Compared  with  water,  the  specific  heal 
of  hydrogen  is  more  than  three  times  greater,  and  larger.tlian 
that  of  an  J  other  known  substance.  Out  of  nine  gases,  on 
which  experiments  were  made,  none,  except  hydrogen,  has  a 
specific  heat  equal  to  that  of  water ;  but  they  all  have  a  specific 
heat  much  greater  than  that  of  any  of  the  metals.  Thus  hydro* 
gen,  the  lightest  known  substance,  has  the  greatest  specific  heat, 
while  the  metals,  the  heaviest  of  all  bodies,  possess  the  least. 

240.  SegBaaHs  detormlnatMii  q€  thm  q^dfic  heat  of 
Oases,  Within  a  few  years  the  same  subject  has  been  invest i* 
gated  by  Regnault.  The  method  adopted  was,  in  the  first  place, 
to  condense  the  gas  in  a  strong  receiver ;  a  known  weight  wa^ 
then  allowed  to  escape  at  a  perfectly  uniform  rate  through  a 
spiral  tube  plunged  into  a  vessel  of  hot  oil,  which  was  main* 
tained  at  a  fixed  temperature ;  the  gas  was  in  this  way,  during 
ks  passage  through  the  spiral,  raised  to  a  known  temperature 
equal  to  that  of  the  oil  in  the  bath ;  it  was  then  made  to  pass 
through  a  metallic  vessel,  surrounded  by  a  known  weight  of 
water ;  and  finally,  was  allowed  to  escape  slowly  into  the  air, 
ample  time  being  given  for  its  temperature  to  be  reduced  to 
that  of  the  surrounding  water.  By  this  process  the  rise  of 
temperature  experienced  by  a  known  weight  of  water  when  a 
given  weight  of  each  gas,  after  it  had  been  raised  to  a  fixed 
standard  temperature,  was  passed  through  it,  was  ascertained. 
The  different  gases  treated  in  this  way,  were  found  to  impart 
imequal  quantities  of  heat  to  the  water,  and  this  became  a 
measure  of  their  specific  heat.  The  results  are  given  in  the 
following  table : 


Regiusult'n  Table  of 

the  Specify:  Heat 

of 

Oase$. 

€kM»l 

equal  weights. 

Water  the 
Standard. 

Water,    . 
Watery  Vapor, 
Air,         .            .            » 
Oxygen,   ^  ., 
Nitrogen,  v^ 
Hydrogen,     . 
Protoxide  of  Nitrogen, . 
Heavy  Carb.  Hydrogen, 
Oxide  of  Carbon, 
Carbonic  Acid, 

•            • 

1.0000 
0.4750 
0.2377 
0.2182 
0.2440 
8.4046 
0.2238 
0.3694 
0.2479 
0.3308 

S40.  Describe  Begnanlt's  process.    Qire  some  of  the  NSoUi  of  his  table. 
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On  comparing  this  table  with  that  of  Delaroche  and  Bcrard, 
considerable  diversity  is  found,  but  not  more  than  might  be  ex- 
pected from  the  improved  methods  of  experimentation  that  have 
been  introduced  since  their  time.  The  impoi*tant  i'act  is  proved 
by  both  tables,  that  equal  weights  of  different  gases  of  the  same 
temperature,  and  the  same  density,  contain  very  unequal  amounts 
of  heat,  and  that  there  is,  therefore,  no  relation  between  the 
thermometric  temperature  of  a  body  and  the  actual  amount  of 
heat  which  it  contams ;  also  that  the  specific  heat  of  hydrogen, 
the  lightest  substance  known,  is  not  only  greater  than  that  of 
all  the  gases,  but  actually  nearly  3 4  times  greater  than  that  of  an 
equal  weight  of  water  of  the  same  temperature;  and  as  the 
specific  heat  of  water  is  superior  to  that  of  every  other  liquid  and 
solid,  it  follows  that  the  specific  heat  of  hydrogen  is  greater  than 
that  of  any  other  known  substance. 

2ftl.  Tiie  qpecific  heat  of  a  body  may  be  chansred  by  altera 
inff  its  deiiaity*  The  specific  heat  of  a  body  is  not  a  per- 
manent property,  but  may  be  altered  by  changing  its  density. 
Any  influence  which  alters  the  distance  between  the  particles 
of  a  body,  affects  its  specific  heat.  If  the  particles  be  brought 
nearer  to  each  other,  specific  heat  is  diminished ;  if  the  parti- 
cles be  separated  and  removed  to  a  greater  distance  from  each 
other,  the  specific  heat  of  the  body  is  increased.  If,  by  mechani- 
cal compression,  the  particles  of  a  piece  of  soft,  well  annealed 
copper,  who^e  specific  heat  varied  from  0.09501  to  0.09455,  be 
brought  nearer  to  each  other,  the  specific  heat  will  be  found  to 
b3  reduced  from  0.0936  to  0.0933;  on  being  again  thoroughly 
annealed,  so  as  to  recover  its  former  density,  its  specific  heat 
will  be  nearly  restored  to  what  itwas  before,— 0.09493  toO.09479. 
When  water,  or  any  other  Ifquid,  is  compressed,  its  specific  heat 
is  diminished ;  when  it  is  allowed  to  expand  to  its  former  dimen- 
sions, its  specific  heat  returns  to  the  same  amount  as  before. 
The  same  is  tnie  of  gases ;  if  they  are  compressed,  their  specific 
heat  is  diminished ;  but  if  allowed  to  expand,  their  specific  heat 
is  greatly  increased.  Regnault  denies  this  in  the  case  of  the 
gases,  but  his  conclusions  are  in  direct  opposition  to  tho^e  of 
Delaroche  and  Berard,  and  nearly  all  other  experimenters,  and 
they  must,  therefore,  be  received  with  some  hesitation.  As  the 
distance  between  the  particles  of  bodies  is  very  much  affected 
by  change  of  temperature,  a  removal  of  the  particles  from  each 

241.  What  effect  l«  produced  upon  the  spedflc  heat  of  bodies  by  altering  their  den- 
•itj  ?  Give  illustrations.  Wbat  e^ect  is  produced  upon  specific  koaC  by  devotion  of 
tMnperature?    Giro  the  table. 
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other,  and  expans'on  being  produced  by  a  rise,  while  contraction 
is  the  result  of  a  diminution  of  temperature,  it  follows  that  the 
specific  heat  of  a  body  is  gi-eater  at  a  high  temperature,  than  at 
a  low  one.  This  is  tnie  of  folids,  liquids,  and  gases.  In  the 
cape  of  gases,  it  is  denied  by  Kegnault ;  but  the  correctness  of 
his  opinion  may  be  doubted.  That  it  is  true  of  sol.ds,  may  be 
plainly  seen  from  the  following  table : 

BUe  of  Specific  Heat  with  rise  of  Temperature, 


Spedflc  Heat       Specific  He«t 
from  820  to212o.  from  82o  to5720. 


Mercury, 

Platinum, 

Antiniooy, 

Silver, 

Zinc, 

Copper, 

Iron, 

Glass,   . 


0.0380 
0.0385 . 
0.0607 ' 
0.0057 
0.0927 
0.0949 
0.1098 
0.1770 


0.0850 
0.0865 
0.0649 
0.U6I1 
0.1015 
0.1018 
0.1218 
0.1900 


242*  The  specific  heat  of  a  body  changed  by  alterinf  its 
physical  state.  A  body  in  the  liquid  state  has  a  higher  speciHo 
heat  than  the  same  substance  when  in  the  state  of  a  solid.  On 
the  other  hand,  a  substance  in  the  gaseous  state  has  a  lower 
specific  heat  than  the  same  substance  in  the  liquid  state.  When 
ice  passes  into  the  liquid  state,  its  specific  heat  is  doubled ;  but 
when  water  is  converted  into  vapor,  its  specific  heat  is  dimin- 
ished  one  half.  Different  solids  have  the  amount  of  their  spe- 
cific  heat  diiferently  affected  by  a  change  of  state,  and  they  vary 
very  much  among  themselves. 

243.  A  chancre  in  the  specific  heat  of  a  body  always  chang- 
es its  temperatiiTe;  an  increase  of  specific  heat  diminishes  tem- 
perature, and  a  diminntion  of  specific  heat  increases  it*  Chansre 
of  Densityy  or  of  the  State  of  bodies^  always  prodnces  change 
of  temperatoro*  It  has  been  shown,  in  the  case  of  soil  copper, 
that  a  change  in  the  specific  heat  of  a  body  is  always  produced 
when  a  change  is  made  in  its  density ;  if  its  density  be  increa  ed, 
its  specific  heat  is  diminished ;  if  its  density  be  diminished,  its 
specific  heat  is  increased.  Besides  this  effect,  and  as  a  conse- 
quence of  it,  a  change  in  the  temperature  of  the  body  whose 
density  is  altered,  is  always  produced.  In  the  case  of  eofl  cop- 
per, if  density  be  increased,  and  specific  heat  diminished,  tem« 
perature  rises ;  if  density  be  diminished,  and  specific  heat  be 

^42.  Whiit  eOeet  ts  ]mxluced  upon  spedflo  hent  by  change  of  state  T-^SiS.  Wliat  efliBol 
to  producecl  upon  tempwtfcure  bj  change  of  speoifle  heat  ? 
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increased,  temperature  sinks.  So  great  is  the  effect  upon  tern- 
p  rature,  in  consequence  of  a  change  of  specific  heat,  produced 
by  a  change  in  density,  that  if  a  piece  of  iron  be  rapidly  ham- 
mere  J  it  immediately  becomes  hot,  and  by  a  skillful  blacksmith, 
may  even  be  made  red-hot  by  this  process.  This  rise  in 
tem[>erature  may  be  thus  explained.  The  distance  of  the 
paiticles  of  bodies  from  each  other  is  in  general  determined  by 
their  specific  heat  This  specific  heat  spends  its  ener«y  in  keep- 
ing the  particles  apart,  and  in  resisting  the  attraction  of  cohesion 
which  is  constantly  tending  to  draw  them  together,  and  it  no 
longer  possesses  the  power  of  affecting  temperature.  When- 
ever heat  is  expended  in  producing  any  mechanical  effect  of 
this  kind,  it  loses  its  power  of  affecting  the  thermometer  and 
t^e  senses,  and  passes  from  a  sensible  to  an  insensible  state* 
Heat  can  not  pit>duce  an  effect  upon  temperature  and  a  me- 
chanical effect,  at  the  same  time.  A  definite  amount  of  heat 
m  ide  to  pass  into  a  body  may  cause  the  temperature  of  the 
body  to  rise,  or  it  may  spend  itself  in  increasing  the  distance 
b:;tween  its  particles,  and  expanding  it,  but  it  can  not  do  both  at 
the  same  moment.  Heat  which  has  caused  a  body  to  expand,  can 
nat  at  the  same  time  rai-e  its  temperature.  When  a  piece  of 
ii-on  is  heM  near  the  fire,  the  first  effect  of  the  heat  is  to  expand 
the  iron,  and  this  it  does  without  raising  its  temperature ;  this 
hmt  becomes  la*ent  in  the  iron,  and  the  temperature  of  the 
body  does  not  ri  e  unless  it  receives  more  heat  from  the  fire 
than  can  be  employed  in  effecting  expansion.  But  the  heat  that 
lias  been  expended  in  this  manner,  and  become  latent  in  any 
substance,  is  not  lo  t ;  it  will  again  become  heat  of  temperature 
as  soon  as  it  is  no  longer  needed  for  the  purpose  of  keeping  the 
particles  of  the  body  apart.  If  mechanical  £[>rce  should  vio- 
lently compress  the  body  and  bring  the  particles  nearer  together, 
the  heat  which  had  previously  kept  them  apart  being  now  no 
longer  needed  for  this  purpose,  will  make  itself  apparent  as 
heat  of  temperature.  This  is  what  takes  place  when  cold  iron 
is  hammered ;  the  heat  which  had  kept  the  particles  asunder^ 
and  which  had  remained  latent  while  thus  expeinled,  being  now 
no  lonnrer  able  to  exert  this  effect,  is  compelled  to  appear  as 
heat  of  temperature,  and  the  iron  at  once  becomes  very  hot. 
If,  on  the  other  hand,  the  particles  of  iron  had  been  separated 
from  each  other  by  mechanical  violence,  they  could  not  have 

What  effect  i*  prodaced  upon  temperature  by  the  compression  and  expansion  of  bodie«»# 
Off  p«w1nff  tmm  the  mild  to  the  liquid  or  gtfeous  state  ?  Give  iUufttrBtlonfl.  Bxplaia 
OiA  beating  of  iron  red-hot  b^  lianmieriiig.    Kromwhat  fooroe  Is  thto  liet^  dertvM  f 
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remaiiied  permanently  eeparated  except  by  the  agency  of  heat, 
for  which  there  would  be,  therefore,  an  impemtive  demand. 
All  the  heat  in  the  neighborhood  would  be  drawn  upon  for  the 
purpose  of  satisfying  this  demand,  and  the  first  source  would  be 
the  free,  sensible  heat  of  the  body  itself.  This  would  at  once 
be  transferred  into  the  latent  state,  and  be  expended  in  main- 
taining the  distance  between  the  particles;  it  would  cease, 
therefore,  to  appear  as  heat  of  temperature,  and  the  iron  would 
at  once  become  cold.  The  quantity  of  heat  latent  in  the  metals, 
and  which  becomes  apparent  when  they  are  compressed,  is  ad- 
mirably illustrated  by  the  faint  flash  of  light  which  is  emitted 
when  a  bullet  from  a  steam  gun  strikes  a  wrought  iron  tarpet. 
The  bullets  are  completely  flattened,  and  when  directed  against 
a  plate  of  lead  placed  in  front  of  the  target,  the  two  surfaces  of 
lead  become  firmly  united  as  if  melted  or  soldered  together. 
The  fla^h  of  light  is  only  visible  in  a  darkened  room.  Another 
still  more  striking  illustration  is  seen  in  the  fla>h  of  light  pro- 
duced when  the  80  lb.  hexagonal  bolts  fired  from  the  Whit- 
worth  gun  strike  the  thick  iron-plated  sides  pf  a  floating  battery, 
Fig,  98.     *♦  Notwithstanding  the  Immense  resisting  power  of  the 

Fig.  98. 


Tht  Jjotent  Heat  of  Iron  Shot  and  Plates  rendered  SensiUs  by  Compression. 

iron  plates,  the  hexagonal  holt  passed  completely  through  them. 
The  shot  when  discovered  was  found  to  be  so  hot  that  no  one 

Explain  th«  heat  and  Ugbt  p7oauce4  by  the  shot  fipom  the  Wliitwortb  gana.    QiTf 
^tb^  iUujitntions. 
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could  (ouch  it,  and  was  ascertained  to  have  leen  compressed  to 
the  extent  of  an  inch  in  length.  It  was  noticed  that  at  the 
instant  of  concussion  between  the  shot  and  the  vessel,  a  broad 
sheet  of  intensely/  bright  flame  was  emitted,  almost  as  if  a  gun 
had  been  fired  from  the  vessel  in  replyr  The  same  effect  has 
been  repeatedly  noticed  when  the  balls  from  the  heavy  Dahlgren 
guns  of  the  Monitors  struck  the  stone  fortifications  against 
which  they  were  dii'ected.  The  heat,  in  these  cases,  was  that 
previously  latent  in  the  iron,  made  sensible  by  the  compression 
of  the  metal  and  the  diminution  of  its  specific  heat.  In  like 
manner,  the  intense  heat  which  is  evolved  when  iron  bars  are 
subjected  to  the  process  of  rolling,  and  not  unfrequently  by  the 
axles  of  cars  and  carriages  when  in  rapid  motion,  and  in  the 
processes  of  boring  and  planing  metals,  is  due  to  the  same  cause. 
It  is  tlie  heat  previously  latent  in  the  metals,  evolved  and  con- 
verted into  heat  of  temperature  by  the  diminution  of  their  spe- 
cific heat  in  consequence  of  compression.  The  heat  set  free  in 
the  simple  operation  of  boring  a  hole  with  a  gimlet,  is  sufiicient 
to  infiame  a  friction  match.  The  heat  produced  by  the  rapid 
drawing  of  a  string  tightly  around  the  nec'k  of  a  glas5  fiask,  is 
suffi  iient  to  crack  it.  And  in  the  whale  fishery,  the  heat  evol- 
ved by  the  inconceivably  rapid  motion  of  the  i-ope  over  the  side 
of  the  boat,  after  the  whale  is  struck,  would  be  sufficient  to  set- 
it  on  fire  if  it  were  not  kept  cool  by  the  continual  pouring  of 
cold  water.  In  the  best  constructed  steam  engines,  the  bear- 
ings of  the  shafts  are  made  hollow,  and  a  steady  stream  of  cold 
water  caused  to  circulate  through  them,  in  order  to  prevent 
them  from  becoming  excessively  heated,  and  the  axles  from  ex- 
panding to  such  a  degree  as  to  be  incapable  of  moving.  These 
are  illustrations  of  a  general  principle.  Whenever  any  body  is 
expanded,  heat  is  absorbed  and  temperature  sinks.  Whenever 
an'f  body  Is  compressed,  latent  heat  is  given  out  and  temperature 
rises.  This  is  true  of  solids,  liquid:',  and  gases.  Liquids,  if  com- 
pressed, grow  warm;  if  relieved  from  compression,  they  grow 
cold  again.  Ga?es,  if  compressed,  grow  hot;  if  released  from 
compression,  temperature  declines.  So,  in  like  manner,  when 
bodies  change  from  the  f  olid  to  the  liquid  or  gaseous  state,  there 
is  an  ab-ori)tion  of  heat,  because  of  the  large  amount  which  is 
expended  in  making  the  change.     The  difference  between  the 

AVhat  effect  in  prod  ced  upon  temperature  of  the  pamage  of  a  solid  into  the  I'quld  amt 
piiteous  st^te?  Of  the  passage  of  gases  and  liquids  into  the  solid  state?  When  a  liquid 
Is  raporized,  what  offect  la  produced  upon  temperature?  What  when  a  Tipor  is  c<hi* 
densed  Into  a  liquidT 
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Fig.  »9. 


same  pubstancc  ns  a  solid  and  as  a  liquid  is  that  in  the  latter 
case  the  particles  are  i  o  far  removed  that  they  can  slip  readily 
upon  each  olher.  This  separation  can  only  be  maintained  by 
the  addition  of  a  large  amount  of  heat.  Consequently,  when- 
ever a  solid  is  liquefied  there  is  an  immense  abj'orption  of  heat, 
and  temperature  sinks ;  whenever  a  liquid  is  solidified,  the  re- 
verse takes  place  and  temperature  rises.  The  latent  heat  no 
longer  required,  becomes  sensible.  When  a  liquid  is  vaponzed, 
heat  is  absorbed  and  temperature  sinks.  When  a  vapor  is  con- 
densed into  a  liquid,  latent  heat  is  given  out  and  temperature 
rises, 

244«  The  Fire  ByHngB.  These  principles  are  admirably 
illustrated  by  the  fire  syringe  represented  in  Fig.  99.  It  con- 
sists in  its  most  improved  form  of  a  hollow  cylinder  of  glass, 
into  which  a  piston  fits  air-tight.  Upon  the  under  side  of  the 
piston  is  a  cavity  to  receive  a  bit  of  tinder  or  punk,  or  a  tuft  of 
cotton  moistened  with  ether.  On  driving  the  piston  forcibly 
down,  the  tinder  will  emit  smoke,  and  finally  ignite :  a  match 
may  thus  be  lighted  with  ease.  This 
large  amount  of  heat  has  proceeded  from 
the  air  contained  in  the  cylinder.  By 
sudden  and  forcible  compression  its  den- 
sity is  increased,  its  particles  are  brought 
nearer  together,  the  heat  previously  ex- 
pended in  keeping  them  asunder  and  la- 
tent in  the  air  is  made  sensible,  becomes 
heat  of  temperature,  and  is  sufficient  to 
inflame  the  tinder.  It  is  an  experiment 
strictly  analogous  to  the  heating  iron  red 
hot  by  hammering.  On  rarefying  air  the 
opposite  effects  are  observed.  The  mist 
observed  in  the  receiver  of  an  air-pump 
wh'le  it  is  undergoing  exhaus^tion,  is  a 
proof  of  the  production  of  cold.  As  the 
air  is  withdrawn,  that  which  remains  un- 
dergoes a  corresponding  rarefaction.  A 
demand  for  heat  is  created  to  Fustain  this 
rarefied  state.  A  large  amount  of  heat  be- 
comes latent,  and  temperature  sinks  so 
low  that  the  moisture  in  the  air  can  no 
longer  remain  in  the  state  of  vapour,  but 
— — ■ ^ —  * 

2H>  Besciibo  the  fire  vyringo.    Explain  its  principto. 
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id  condensed  in  minute  drops.  A  thermometer  placed  in  such 
a  receiver  rapidlj  sinks  &}  the  air  is  exhausted,  m  consequence 
of  the  rarefaction,  but  when  readmitted  it  rises  again  witn  equal 
rapidity,  in  consequence  of  the  condensation.  If  the  biast  fiom 
an  air  gun  be  directed  upon  a  delicate  thermometer,  the  mer- 
cury will  sink  at  the  moment  of  discharge,  owing  to  the  enor- 
mous expansion  of  the  air.  And  when  steam  from  a  boiler  sud- 
denly issues,  under  great  pressure,  from  a  small  aperture  into 
the  atmosphere,  its  instantaneous  expansion  cools  it  to  such  a 
degree  that  instead  of  scalding  the  hand  heM  m  it,  as  is  the 
case  with  oi*dinary  steam,  it  scarcely  feels  warm. 

245.  The  dUtriVQtIan  of  tomperstm  in  the  AtniMphere. 
the  formatloA  and  dieapptanyico  «f  cUmim,  the  proAvcms  «f 
rmU  and  sbow  explained  by  cham^  of  deaiity  in  the  air.  These 
facts  explain  the  great  cold  of  the  atmosphere  of  the  earth  nt 
high  elevations.  In  consequence  of  the  diminution  of  pressure 
at  high  altitudes,  the  nir  is  much  more  rare  than  it  ra  at  the  sur- 
face of  the  earth.  The  sensible  heat  of  temperature  which  k 
would  possess  if  it  were  everywhere  of  the  same  density  as 
it  is  at  the  surface  of  the  earth,  has  been  absorbed  in  conse- 
quence of  its  rarefaction,  and  is  now  latent  The  higher  we  as- 
cend, the  greater  the  rarefaction,  and  consequently  the  greater 
the  absorption  of  heat,  and  the  lower  the  temperature.  The 
average  depression  of  temperature  is  about  1**  F.  for  every  300 
feet  of  ascent.  If,  therefore,  a  portion  of  air  from  the  sur&ce 
of  the  earth  were  suddenly  carried  to  a  great  altitude,  its 
temperature  would  fall,  its  watery  vapor  be  condensed,  and 
clouds  be  produced,  §  202.  If  on  the  other  hand,  a  portion  of 
air,  at  a  great  elevation,  were  suddenly  brought  near  the  earth, 
its  temperature  would  be  greatly  elevated  in  consequence  of  its 
condensation,  and  if  it  contained  mists  and  clouds,  these  would 
disappear.  Change  of  place  among  portions  of  the  atmosphere 
is,  of  iUelf,  able  to  produce  great  changes  in  its  temperature, 
and  in  its  clearness  and  cloudiness,  and  this,  no  doubt,  has  an 
im;)ortant  bearing  upon  many  meteorological  phenomena. 

An  excellent  illustration  of  these  principles  is  afforded  by  the 
fountain  of  Hiero,  as  it  is  called,  at  Schemnitz  in  Hungary.  A 
part  of  the  machinery  for  working  the  mines  consists  of  a  col- 
umn of  water  2G0  feet  high,  which  presses  upon  a  large  volume 
of  air,  enclosed  in  a  tight  reservoir.  The  air  is  consequently 
enormously  compressed  by  the  immense  weight  of  the  water, 

245.  How  do  Umw  prindplM  wXfUata  the  dittribotlon  of  tempontnn  in  Um  alaBo- 
tph«r«f 
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amountisg  to  8,089  atmospheres.  When  a  pipe  commtmicatmg 
with  this  re;?ervoir  of  air  h  suddenly  opened,  it  rushes  out  with 
extreme  velociiy,  and  instantly  expanding,  absorbs,  in  so  doing, 
80  much  heat  as  to  precipitate  the  moisture  it  contains  in  a 
shower  of  very  white,  compact  snow,  a  hat  held  in  the  blast 
being  immediately  covered  with  it.  So  strong  is  the  currenf 
of  condensed  air,  that  tiie  workman  who  holds  the  hat  is  obliged 
to  lean  his  back  against  the  bank  to  retain  it  in  its  position. 
The  snow  in  this  case  is  due  to  the  expansion  of  the  air,  and 
the  conversion  of  its  heat  of  temperature  into  latent  heat 

d^*.  Hie  Sudden  fizpansioii  ef  CempreMed  Air  is  Applied 
te  tlie  Wannlkcture  ef  Ice.  tee  machines.  Application  has  been 
made  of  the  cold  produced  by  the  sudden  expansion  of  com- 
pressed air  to  the  production  of  ice  for  commercial  pm'poses. 
The  air  is  first  made  to  pass  through  a  large  chamber  filled 
with  porous  materials  constantly  kept  moist  by  means  of  a 
stream  of  water  running  through  it,  and  is  thus  heavily  charged 
■with  watery  vapor,  this  moist  air  is  then  powerflilly  condensed 
by  a  large  forcing  pump  driven  by  a  steam  engine.  The  la- 
tent heat  which  is  evolved  by  this  violent  compression,  is  ab- 
sorbed, as  fa>t  as  set  free,  by  the  watery  vapor  which  the  air 
contains,  owing  to  the  immense  capacity  of  water  for  heat, 
§  236,  and  thus  the  temperature  of  the  air  is  prevented  from 
rising  to  the  height  to  which  it  does  in  the  Fire  Syringe,  §  244. 
It  is  still  further  cooled  by  being  made  to  pass  through  a  sec* 
ond  chamber  filled  with  porous  materials  constantly  kept  moist 
by  running  water,  and  then  dried  by  transmission  through  an 
additional  chamber  filled  with  porous  substances  perfectly  dry,  to 
which  it  gives  up  any  moisture  that  it  may  have  carried  from  the 
previous  chamber.  It  U  then  allowed  to  expand  in  a  compara- 
tively large  chamber,  and  in  so  doing,  in  the  course  of  a  minute 
or  two  it  becomes  very  cold.  Thence  it  passes  on  into  a  long 
passage,  arranged  in  an  ice  house  protected  from  the  sun, 
above  which  are  placed  the  vessels  of  water  to  be  frozen,  where 
it  undergoes  a  sudden  and  very  great  expansion.  By  the  ex- 
pansion which  the  air  undergoes  in  passing  through  tiiis 
tube,  eo  much  heat  is  absorbed  and  made  latent,  that  it  becomes 
intensely  cold,  the  water  in  the  pans  is  speedily  frozen  into 
thick  blocks,  and  a  very  large  quantity  of  air  confined  in  the 

What  is  the  avenge  rate  of  dfanltration  of  temperature  as  we  ascend  shore  the  snr- 
Aee  ?  Accoant  for  the  formation  of  miots  and  clouds,  and  for  their  uisappituance  on 
lh««e  prinriples.  What  illustration  is  afforded  of  these  principles  by  the  fountain  of 
lliero,  at  t^chemnits?  Account  for  the  formation  of  snow  when  the  conApreRiwd  air 
rushes  out.— 246*.  Describe  the  method  of  naaniilactuiing  ioe  by  the  expansion  of  com- 
pressed  air. ^^ 
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ice-honse  is  cooled  to  such  a  degree  as  to  become  extremely 
useful  for  refrigerating  purposes.  On  these  principles  a  ma- 
chine has  been  constructed  by  Windhausen,  in  Germany,  which 
is  capable  of  producing  4,800  lbs.  or  more  than  2  tons,  every 
12  hours,  or  nearly  5  tons  in  2i  hours,  at  a  cost  of  about  S2.94 
for  2,000  lbs.     Temperature  is  reduced  from  80°  to  —  18*"  P. 

The  Windhausen  machine  has  been  still  tun  her  improved  by 
"Weill,  in  this  country.  Ihis  is  thought  to  be  the  most  success- 
ful method  of  producing  ice  by  artificial  means,  and  in  some 
respects  even  to  surpass  Carry's  machine.  It  possesses  four 
great  advantages  over  processes  in  which  Ammonia  and  other 
chemical  substances  are  employed ;  first,  that  the  refrigeraiing 
agent  being  pure  air,  can  be  brought  into  direct  contact  with 
the  water  to  be  frozen,  without  the  intervention  of  tubes  and 
vessels,  as  is  the  case  with  Carry's  process,  and  has  therefore 
an  opportunity  to  exercise  a  much  gi'eaier  cooling  effect;  sec- 
ond, that  if  any  leak  takes  place  nothing  can  escape  that  will 
tend  to  injure  the  articles  intended  to  be  cooled  or  frozen,  while 
in  the  case  of  machines  depending  upon  the  use  of  special 
chemical  substances  a  sudden  leak  at  an  inopportune  moment 
might  result  in  the  destruction  of  a  large  amount  of  valuable 
material,  before  any  efficient  remedy  could  be  applied ;  third, 
the  cheapness  of  the  refrigerating  agent,  which  being  pure  air, 
can  always  be  had  in  a  perfect  s  ate  in  every  part  of  ihe  globe; 
fourth,  the  comparatively  low  pressure  required  for  condensing 
the  air,  and  consequently  the  much  less  strength  and  power  of 
resistance  required  in  the  apparatus  employed.  In  compressed 
air  refrigerating  machines  only  about  45  pounds  pressure  to  the 
square  inch  are  required,  while  in  Carry's  machine  from  120 
to  180  pounds  to  the  square  inch  are  necessary,  in  others  as 
much  as  800  or  1200  pounds.  Consequently  the  compressed 
air  machinesdo  not  require  to  be  nearly  as  strong,  and  are  much 
less  expensive.  The  cost  of  compression  is  also  much  reduced 
by  throwing  back  a  poi  tion  of  the  elastic  power  of  the  com- 
pressed air  upon  the  main  ^haft  so  as  greatly  to  reduce  the 
actual  pcwer  required  for  condensation. 

In  view  therefore  of  the  low  first  cost  of  the  apparatus,  the 
cheapness  of  the  refrigerating  agent  and  its  purity,  the  faciUty 
of  compression,  and  the  large  scale  upon  which  the  process  can 

IIow  many  tons  can  be  pmduced  by  Windhausen *s  machine  per  diem  ?  At  what  cost 
per  ton  ?  Hare  the  comprem^d  air  machines  any  advantages  oTer  Carre's  machine  f 
State  the  four  points  of  superiority.  IIow  can  the  thin  sheets  of  iM  that  axe  |»rodaoed 
by  ihe«e  Ice-mamhines  be  made  into  thick  blocks  ? 
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he  carried  on,  this  method  of  manufacturing  ice  hy  the  agency 
of  compressed  air  is  thought  to  possess  great  advantages  over 
those  which  depend  upon  chemical  agents. 

This  method  of  refrigeration  promises  therefore  to  be  of  great 
value  for  the  production  of  ice  in  hot  climates  where  no  natu- 
ral ice  is  formed.  It  must  he  remembered  however  that  by 
none  of  these  processes  are  blocks  of  ice  of  any  great  thickness 
formed,  rarely  more  than  three  or  four  inches,  but  blocks  of  any 
required  thickness  may  easily  be  formed  by  freezing  several  of 
them  together. 

246.  The  condensatioxiof  Tapon  liy  presgnre  is  explained 
on  this  principle.  It  is  not  the  permanent  gases  alone,  whose 
temp(*rature  is  raised  by  compression  and  diminished  by  ex- 
pansion. It  is  equally  true  of  vapors.  If  vapor,  after  being 
separated  from  the  liquid  that  forms  it,  be  compressed  into  a 
diminished  volume,  or  allowed  to  -expand  into  an  increa^'ed  one, 
its  temperature  will  be  raised  in  the  one  case  and  lowered  in 
the  other,  and  at  the  same  time  its  elasticity  will  be  increased 
by  the  diminution  of  its  volume,  and  diminished  by  the  increase 
of  it.  It  has  been  stated,  §  202,  that  when  vapor  is  subjected  to 
mechanical  compression,  its  elastic  force  remains  unchanged, 
because  a  part  of  the  vapor  is  condensed  into  a  liquid.  It  is 
more  correct  to  say,  that  the  first  effect  of  mechanical  compres- 
sion upon  vapors  is  to  increase  their  temperature,  by  converting 
their  latent  into  sensible  heat.  Their  elasticity  is  at  the  same 
time  increased  in  proportion  to  the  pressure,  but  as  the  elevation 
of  their  temperature  above  that  of  the  surrounding  medium,  ren- 
ders it  very  easy  to  abstract  heat  from  them,  and  the  instant  any 
heat  is  abstracted,  a  portion  of  the  vapor  is  reduced  to  the  stale 
of  a  liquid,  this  increased  elasticity  is  almost  immediately  re- 
duced to  the  point  at  which  it  was  before  the  compression  took 
place,  and  no  perceptible  depression  is  produced  upon  the 
height  of  the  mercurial  column.  On  the  other  hand,  when  the 
mechanical  pressure  upon  the  vapor  is  removed,  it  immediately 
expands,  its  temperature  is  proportionally  lowered  by  the  con- 
version of  its  sensible  into  latent  heat,  heat  beg'ns  to  enter  it 
from  the  surrounding  medium,  a  portion  of  the  liquid  begins  to 
vaporize,  and  so  the  process  goes  on,  until  as  much  vapor  has 
been  formed  as  the  temperature  of  the  surrounding  medium  is 
able  to  sustain.  Consequently,  no  perceptible  elevation  takes 
place  in  the  height  of  the  mercurial  column,  because  the  increase 

2M.  State  the  eight  principle*  that  maj  be  dedaced  Arom  the  aboTe  mentioned  fiicte. 
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of  elasticity  produced  by  the  influx  of  heaf,  keeps  pace  with  the 
dituLQutioQ  produced  by  the  removal  of  mechanical  pressure. 
The  condensation  of  vapor  is  then,  in  all  cases,  due  to  the  ab- 
straction of  heat,  and  not  to  mechanical  compression,  just  as 
truly  as  the  formation  of  vapor  is  due  to  the  addition  of  heat.  In 
the  liquefiictioa  of  gases,  the  process  is  accomplished  by  depriv- 
ing them  of  heat  as  &st  as  their  tempemture  is  raised  by  com- 
pression. In  this  manner,  so  much  heat  la  gradually  abstracted 
as  to  compel  them  to  assume  the  form  of  liquids.  In  all  cases 
vapor  compressed,  rises  to  the  same  temperature  that  would 
be  necessary  to  produce  it,  under  the  same  pressure,  by  the  di- 
rect application  of  heat  Thus  the  vapor  raised  from  water  at 
the  temperature  of  68°  has  a  volume  58,224  limes  greater  than 
the  water  which  produced  it  Now  let  this  vapor,  having  been 
separated  from  the  water,  be  compressed  until  it  be  reduced  to 
the  volume  which  it  would  have  had  if  it  had  been  formed 
from  boiling  water,  i.  e.,  a  volume  only  1.696  times  greater  than 
that  of  the  water  which  produced  it,  and  its  temperature  will 
rise  from  68°  to  212°  by  the  conversion  of  its  latent  into  sen- 
sible heat,  i.  e.,  exactly  the  temperature  it  would  have  been 
necessary  to  give  it,  if  it  had  been  formed  in  the  first  place  of 
this  degr3e  of  pressure  and  elastic  force.  This  is  a  conclusive 
proof,  that  the  sum  of  the  sensible  and  insensible  heat  in  vapor 
is  the  same,  whatever  the  temperature  at  which  it  may  have 
been  formed. 

247.  Summary  of  Principles.  Applicatioiis.  lUmtratioas. 
From  the  phenomena  presented  by  liquefaction,  vaporization, 
solidification,  and  the  compression  and  expansion  of  solids, 
liquids  and  gases,  we  may  deduce  the  following  important  prin- 
ciples : — 

1.  Change  of  density  always  produces  change  of  temper- 
ature. 

a.  If  a  body  pass  from  a  denser  to  a  rarer  condition,  or  from 
the  state  of  a  solid  to  that  of  a  liquid  or  a  vapor,  heat  is  ab- 
sorbed, and  the  temperature  of  surrounding  objects  sinks. 

3.  If  the  reverse  takes  place,  and  a  body  becomes  more 
dense  than  before,  or  passes  from  the  state  of  a  vapor  to  that  of 
a  liquid  or  solid,  as  when  steam  is  condensed  or  water  freezes, 
heat  is  given  forth,  and  the  temperature  of  surrounding  objecta 
rises. 

4.  Mechanical  compression  raises,  and  mechanical  expansion 
diminishes  the  temperature  of  all  bodies,  solid,  liquid  and  gas- 
eous. 
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8.  If  the  result  of.  mixing  two  liquids  be,  that  they  occupy 
less  space  than  before,  heat  is  produced.  Four  parts,  by  weiprht, 
of  sulphuric  acid,  and  one  part,  by  weight,  of  water,  become 
condensed  when  mingled,  and  sufficient  latent  heat  is  set  free  to 
heat  the  mixture  above  the  boiling  point  of  wAter. 

e.  If  the  result  of  mixing  two  liquids  be,  the  production  of 
a  solid,  great  heat  is  produced.  One  or  two  drops  of  SHlphu'ic 
acid  added  to  a  solution  of  chloride  of  calcium,  produces  a  solid, 
and  gives  forth  a  large  amount  of  heat. 

7.  If  a  solid  be  cfesolved  in  water,  cold  reenlts.  Nitrate  of 
ammonia  thrown  into  water  will  be  at  once  dissolved,  and  great 
reduction  of  temperatm^  will  take  place. 

8.  If  a  liquid  be  added  to  a  solid,  and  be  at  once  absorbed, 
heat  results.  If  quicklime  be  thrown  into  i/i^ter,  the  water 
disappears,  and  great  heat  is  produced,  sufficient  to  inflame 
matches,  and  set  fire  to  buildings  and  vessels. 

Many  other  phenomena  of  daily  occurrence  in  nature  and  the 
arts  may  be  explained  on  these  principles. 

Ezpeiimentoi     Spaolflo  Beat. 

1.  Sptotllo  Beat.  To  shotf  that  equal  amonnts  of  h«ak,  added  to  diffefent  Bnb- 
atancea,  Incream  tbetr  tempentann  uacquaUy,  or  that  their  eapacf ties  for  heat  are  dif> 
fierentf  mix  1  lb.  of  water  at  100^,  with  1  lb  <^  mercury  at  40^ j  the  temperature  of  the 
mixture  wiH  be  96*'.  Then  mix  1  lb.  of  mereury  at  lOO*',  with  1  lb.  of  water  at  40<',  and 
the  temperature  Of  the  mixture  will  be  i2f*  only.  The  same  amount  of  beat  haH  Deen 
adJed  in  both  cases.  Why  this  diCGerenoe  of  result?  Because  the  water  has  a  greater 
eapacity  for  heat  than  mercury. 

a.  Heat  balls  of  zinc,  copper,  tin,  iron,  lead,  of  the  same  weight,  to  the  same  degree, 
by  immersing  them  in  boilhig  water,  and  then  dip  them  all  into  diflta«nt  Tceseln,  of  the 
same  size,  all  containing  equal  weights  of  water  at  82**,  each  having  a  thermometer  ip  it, 
and  note  the  different  Eights  at  irbieh.  the  thermoneters  stand  at  the  end  of  half  an 
hour. 

3.  Thia  experiment  may  be  Taried  by  ob<>erTing  the  timea  oecu]ried  by  the  different 
metals  in  raising  the  temperature  of  the  different  Tenels  of  water  to  the  same  degree. 

4v  Obeerre  the  amount  of  ice  melted,  and  water  formed,  by  Uie  cooling  of  equal 
weights  of  different  substancea.  Thia  is  the  moat  satisfitctoiy  mode  of  ascertaining  spe- 
cific heat. 

1>  OlMmgv  of  State  prodvoea  oluuife  of  Temperature.  Mix  equal 
parts  of  snow  and  salt  together;  great  cold  results  flrom  their  Uonefhction. 

2.  Add  a  fbw  drops  of  sulphuric  acid  to  a  strong  solution  of  chlorohydrate  of  Unw, 
(muriate  of  lime);a  solid  results,  and  grwt  heat  Is  produced. 

3.  Add  water  to  quicklime ;  a  solid  results,  and  great  hMt  fa  produced. 

4.  Potassium  and  sodium  pressed  together  in  a  mortur,  produce  a  liquid  alloy ;  add 
mercury,  and  this  liquid  solidiflea,  and  heat  enough  is  produced  to  inflame  the  naphtlia 
adhering  to  the  potassium. 

6.  Hammer  iron,  and  it  beooroes  very  hoi. 

6.  Compress  water  by  a  powerful  screw,  and  the  thermometer  rlaes ;  remort  the 
pressure,  and  it  sinks. 

7.  Compress  air  in  the  fire  syringe,  and  a  piece  of  well  dried  punk,  or  tinder,  will  be 
inflamed. 

8.  Kxhaust  the  air  ftnom  a  bell  glass,  by  the  air  pump,  and  the  thennometer  will  sink ; 
allow  the  air  to  enter  again,  wliich  is  th#  same  thing  as  compressing  it,  and  the  ther- 
m<nnet«r  will  rise. 

O.  Mix  equal  Tolumes  of  sulphuric  add  and  water;  an  increase  of  density  reaalt8| 
with  grnat  rMe  of  temperature. 
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10.  Mix  equal  Tcdmnes  of  alcohol  and  water ;  condengatton,  results,  and  rise  of  taa> 
peraMire. 


i  TZZ*   The  Sources  of  Beat- 

247.  The  Sonrcea  of  Beat-  The  sources  of  heat  are  nu- 
merous, but  they  may  all  be  reduced  to  seven;  viz:  1st,  The 
Sin.  2d,  The  internal  heat  of  the  earth.  Sd,  Chemical  action 
and  combustion.  4th,  Electricity.  5th,  The  absorption  of 
moisture.     6th,  Vital  action.     7th,  Mechanical  action. 

248.  The  fluti-  Of  all  the  sources  of  heat,  the^  sun  is  the 
mo3t  intent.  The  cause  of  the  sun's  heat  is  unknown,  but  it  is 
probably  due  to  electrical  or  chemical  action.  The  amount  of  . 
heat  which  the  earth  receives  from  this  source  is  enormous. 
Faraday  has  calculated  that  the  average  amount  radiated  by 
the  sun  upon  an  acre  of  land,  on  a  summer's  day,  is  equAl  to 
that  which  would  be  produced  by  the  combustion  of  sixty  sacks 
of  coal.  It  has  been  estimated  that  the  amount  of  solar  heat 
entering  the  atmosphere  of  the  earth  in  one  year,  is  sufficient 
to  melt  a  layer  of  ice  completely  enveloping  it,  from  90  to  100 
feet  in  thickness ;  of  this  amount  however,  the  earth  only  re- 
ceives about  two  thirds,  the  rest  being  absorbed  by  the  atmos- 
phere. This  vast  amount  is,  however,  but  a  small  part  of  that 
radiated  by  the  sun ;  calculating  the  area  which  the  earth  pre- 
sents, and  its  mean  distance  from  the  sun,  it  has  been  foimd 
that  the  earth  doe^  not  receive  at  any  moment,  more  than 
VTS^T^jfififJ!  P^rt  of  that  which  the  sun  emits.  Indirectly  by 
the  various  effects  which  solar  heat  and  light  produce  when 
they  reach  the  earth,  the  sun  is  really  the  cause  of  that  which 
proceeds  from  some  of  the  other  sources  of  heat,  and  especially, 
that  produced  by  the  combustion  of  vegetable  matter. 

249.  The  Zntemal  heat  of  the  Barth-  Besides  the  heat 
which  it  is  receiving  from  the  sun,  the  earth  has  also  a  nucleus 
of  intensely  heated  matter  within  itself.  This  is  proved  by  the 
steadily  increasing  heat  of  the  earth  at  successive  dep.hs.  At 
30  or  40  feet  beneath  the  surface,  the  thermometer  is  unaffected 

247  How  many  sources  of  heat  are  there?  State  whst  they  are.— S48.  Which  is  the 
mo^it  intense  source  of  heat  ?  Whut  is  the  amount  of  heHt  received  by  the  earth  from 
the  flun.  per  acre ?  What  U  the  amount  per  annuin,  that  enters  the  atmosphere?  Iloir 
much  if  thh  rencheii  the  earth  ?  llo^  doee  the  heat  and  liffht  of  the  sun,  indirectly  prob 
dune  the  heat  that  seomi  to  emanate  from  other  sources  ?— 249.  Whitt  id  the  second  source 
of  he-It  ?  How  may  the  flucleus  of  heated  matter  in  the  interior  of  the  earth  be  proved 
to  exUt?  • 


Digitized  by  VjOOQ IC 


COMBUSTION.  233 

by  the  variations  of  the  seasons.  As  we  proceed  below  this 
point  the  thermometer  i«  found  to  rise  progi-e^sively,  though  not 
uniformly  in  all  places,  at  the  average  rate  of  1°  F.  for  every 
50  feet  of  descent.  Some  have  estimated  the  rate  at  1°  for 
every  45  feet.  In  six  of  the  deepes^t  mines  of  the  norih  of  Eng- 
land the  rate  is  1°  for  every  44  feet.  In  the  lead  mines  of 
Saxony  it  is  1**  for  every  60  feet,  and  the  same  rate  was  ob- 
served in  boring  the  well  of  Grenelle  at  Paris.  At  lhi.s  rale 
the  temperature  of  the  earth  increases  100°  for  every  mile; 
consequently  at  one  mile  and  a  half  the  temperature  would  be 
as  high  as  that  of  boiling  water,  and  at  the  df'pih  of  40  miles  a 
temperature  of  4000°  would  be  attained,  which  is  considerably 
above  the  melting  point  of  cast  iron  and  even  of  plat  in  tm,  imd 
quite  suiRcient  to  completely  fuse  all  known  mineral  sub  lances. 
The  central  mass  of  the  earth  is  probably  now  in  a  state  of  ig- 
neous fluidity,  and  the  thickness  of  the  external  crust  is  not 
more  than  y^  its  radius,  about  the  thickness  of  a  sheet  of  paper 
upon  a  twelve  inch  globe.  This  thin  crust  is  however  ^o  poor 
a  conductor  that  the  central  heat  is  hardly  felt  on  the  surface, 
and  it  has  been  calculated  that  it  does  not  elevate  the  mean 
temperature  of  the  surface  more  than  g^  of  a  degree.  It  must 
however,  exert  a  powerful  eflfect  in  keeping  up  the  general  tem- 
perature of  the  globe. 

250-  Chemical  action^  Oombnstion-  Chemical  combination 
is  generally  accompanied  with  the  evolution  of  heat,  and  this 
constitutes  the  chief  source  of  artificial  heat.  When  the  com- 
bination takes  place  slowly,  as  when  iron  oxidises  in  the  air, 
the  heat  disengaged  is  imperceptible,  but  when  it  proceeds  rap- 
idly the  disengagement  of  heat  is  very  intense,  and  combustion 
ensues.  Every  chemical  combination  which  is  attended  with 
the  disengagement  of  heat  and  light  is  called  combustion.  In 
the  case  of  wood,  coal,  oil,  gas,  «&c.,  it  is  the  combination  of  car- 
bon and  hydrogen  with  the  oxygen  of  the  air  which  produces 
tlie  heat  and  light.  But  there  are  numerous  instances  of  com- 
bination in  which  oxygen  plajs  no  part,  as  when  me  allic  anti- 
mony b  dropped  in  powder  into  a  jar  of  chlorine,  or  pho  phorus  ' 
is  mixed  with  iodine.  The  quantity  of  heat  produced  by  com- 
bustion varies  greatly  with  the  nature  of  the  substances  em- 

What  ig  the  rate  of  Increaite  ?  At  this  rate  what  U  the  temperature  at  the  depth  of  40 
miles?  How  much  of  thU  heat  reacbsa  the  nurfice  cf  the  earia  ?  What  etfuct  has  it 
upon  the  goneml  temperature  of  the  globe? — "ZiO.  Whnt  in  the  third  source  of  heat? 
What  is  combustion?  In  the  case  of  the  combustion  of  coal,  oil,  &c  ,  what  el-mcnts  by 
their  pombinatioti  produce  the  heat?  Tq  wl^at  is  the  amount  of  beat  prodoeod  in  aU 
I  of  c<Mnbustion  proportioned? 
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ployed,  l>nt  it  is  alwajs  constant  for  the  same  substances,  and 
proportioned  exactly  to  the  weight  of  each  which  is  consumed. 
The  amount  of  heat  produced  is  by  no  means  proportional  to  the 
lighL  The  flame  of  hydrogen  is  that  which  produces  the  most 
heat  of  any  known  combustible,  but  its  light  is  so  feeble  that  it 
can  hardly  be  seen  in  the  day  time.  The  following  table  gives 
the  amount  of  heat  produced  by  various  combustible  substances 
when  they  bum  in  the  air.  The  thermal  unit  is  the  heat  neces- 
sary to  raise  a  weight  of  water  equal  to  that  of  the  combustible,  1^. 

Table  of  Heat  produced  by  various  CombtuHbUa, 
Hydrogen, 

Light.  Curb.  Hydrogen,    . 
IlhiniiDaUDg  Oas, 
Beeswax,  . 
Spermaceti, 
Turpentine,  . 

Alcohol, 

Wood  Charcoal,   . 
Coke,  .  .  .      • 

251.  Bleetricity.  This  is  another  source  of  intense  heat, 
whether  produced  by  the  electrical  machine  or  by  the  galvanic 
battery.  Gunpowder  may  be  inflamed  and  gases  may  be  fired 
by  a  single  spark,  however  small,  from  the  electrical  machine, 
and  the  heat  produced  by  the  galvanic  battery  is  far  greater 
than  that  proceeding  from  any  other  artificial  source.  If  the 
wires  from  the  poles  of  a  powerful  battery  be  tipped  with  well 
burned  charcoal  and  brought  near  each  other,  a  continuous 
cuiTent  of  electricity  passes,  producing  intense  light,  and  heat 
sufi^cient  to  fuse  the  precious  stones,  and  dissipate  the  metals  in 
Tapour.  '  r-:^ 

252.  The  Abiorptiaii  of  Zaq«ids  and  aates*  The  simple 
act  of  moistening  any  dry  substance  is  attended  with  a  slight 
disengagement  of  heat  With  mineral  substances  reduced  to 
fine  powder  and  wetted,  the  rise  of  temperature  does  not  ex- 
ceed one  or  two  degrees,  but  with  vegetable  and  animal  sub- 
stances, such  as  cotton,  hair,  wool,  ivory,  dried  paper,  &c^  the 
rise  of  temperature  varies  from  2**  to  lO''  or  11°  F.  The  ab- 
sorption of  gases  by  solid  bodies  give3  rise  to  the  same  phe- 

What  substance  produces  the  greatMt  amount  of  heat  in  b  >ming?  Give  the  table 
of  the  amount  of  t^e&i  produced  by  different  combustibles,  AVhat  \b  the  thermal  wnitT 
In  the  above  table?— 251.  StatA  the  fourth  source  of  heat.  What  heating  ^ffiect  can  he 
produced  bv  the  electrical  spark,  by  the  galvanic  battery  ?— 252.  What  Is  the  fifth  source 
ot  heat  ?  Atate  the  heating  effect  produced  by  Ui»  At^sorptioi)  of  mobiture  by  pottoo, 
bair,  wool,  &c.,  by  the  absorption  of  gases  T 

JO*  *'•--' 


Digitized  by  VjOOQ IC 


HEOHAXICAL   ACTION.  US 

iiomena.  If  platinum,  in  the  state  of  platinum  blaek,  be  placed 
in  oxygen  gas  the  metal  will  absorb  several  hundred  tknet^  itd 
weijrht  of  the  gas,  and  its  temperature  will  rise  high  enough  to 
produce  intense  combustion.  In  like  manner,  if  a  jet  of  hy- 
drogen gH3  be  directed  upon  a  bit  <^  spongy  platinum  suspended 
in  the  air,  it  will  almost  immediately  take  fire  from  the  heat 
produced  by  the  absorption  of  the  gas. 

253>  Tital  actton.  Both  plants  and  animals  produce  a  con- 
tinued and  definite  amount  of  heat,  by  means  of  which  their 
temperature  is  sustained  considerably  above  that  of  the  sur- 
rounding medium.  This  may  be  regarded  as  strictly  due  to  the 
chemical  action  which  at  all  times  is  going  on  within  the  vege- 
table and  animal  economy,  regulated,  bowever,  by  the  vital 
»  power.  There  is,  during  life,  a  steadily  continued  combination 
going  on  between  the  carbon  and  hydrogen  of  the  tissues,  and 
the  oxygen  of  the  air.  This  is  a  case  of  combustion,  and 
strictly  analogous  to  the  burning  of  coal  and  gas  in  the  air,  for 
the  same  amount  of  heat  is  produced  by  ian  equal  we'ght  of  the 
elements  employed  in  both  cases,  the  only  difference  being,  that 
in  the  one  case  the  heat  is  produced  rapidly,  in  the  other,  slowly. 
254.  Kechanical  nctkom-^Ttietion  and  ParciisBioH.— Th» 
mechanical  eqniTalent  cf  Beat.  The  friction  of  two  bodies 
against  each  other  produces  an  amount  of  heat  proportioned 
to  the  pressure  employed  and  the  rapidity  of  the  movement. 
Among  savage  nations  the  friction  of  two  pieces  of  wood  is  used 
as  a  means  of  lighting  a  fire,  and  the  lieating  of  machuiery, 
and  the  ax'es  of  carriages  and  of  locomotives,  even  to  the  point 
ef  igniting  combustible  substances  placed  near  them,  is  a  matter 
of  SmIj  occurrence.  Sir  H.  Davy  melted  two  blocks  of  ice  by 
causing  them  to  be  rubbed  violently  against  each  other,  in  a 
vacuum,  at  a  temperature  below  32°.  Count  Rumford  suc- 
ceeded in  boiling  water  by  the  friction  from  the  boring  of  a 
eanaon ;  a  blunt  steel  borer  was  made  to  press  againel  the  end 
of  the  cannon,  and  surrounded  by  a  box  containing  18  J  lbs.  of 
ivater,  in  which  a  thermometer  was  placed.  The  original  ten^ 
perature  of  the  water  was  60** ;  in  an  hour  the  temperature  of 
the  water  had  risen  to  107"* ;  in  one  hour  and  a  half,  to  142** ; 
in  two  hours  to  178°,  and  in  two  hours  and  a  half  from  the  com- 
mencement of  the  experiment,  the  water  rose  to  212°,  slxoX  ac- 

258.  What  is  the  sixth  source  of  heat?  To  what  is  the  heat  produced  by  this  sonrc* 
strictly  due  ?  What  comhostloa  is  condaiuUly  going  on  in  the  bodies  of  animals  a.  d 
plants r— 254.  What  is  the  serenth  source  of  heat?  JBxplaiq  Ui«  heat  of  fHctioa.  J)^ 
•cribe  Sir  U,  Aav^^s  expertiae&t.    Count  IUuDft>rd*8. 
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tuallj  began  to  boil.  An  apparatus  has  been  invented  in 
France,  fur  generating  steani  by  means  of  heat  generaU*d  by 
friction.  Mr.  Tyn^lall  succeeded  in  making  water  boil  in  two 
minutes  and  a  half,  in  a  brass  tube  which  was  made  to  revolve 
very  rapidly  between  two  pieces  of  oak,  compre3>ed  tightly 
around  it,  and  the  cork  with  which  the  tube  was  stopped  was 
projected  twenty  feet  into  the  air  by  the  pressure  of  the  steam. 
Percu^ion  is  a  combination  of  friction  and  compression,  and  often 
produces  intense  heat,  as  when  the  particles  of  steel  detached 
by  the  flint,  in  the  use  of  the  ordinary  tinder  box,  are  ignited 
by  the  heat  evolved  by  the  sudden  collision.  Iron  may  be  heat- 
ed red  hot  by  hammering,  and  bars  of  bra^s  and  copper  which 
were  quite  cold  when  subjected  to  the  pressure  of  (he  rolling 
mill,  often  issue  in  an  extremely  heated  state.  The  heat  derived 
from  this  source  is,  as  has  been  previously  stated,  the  heat  pre- 
viously latent  in  these  substances  converted  hito  heat  of  tem- 
perature by  the  increase  of  density  produced  by  compression. 
It  is  remarkable  that  the  supply  of  heat  from  this  source  seelns 
to  be  almost  unlimited.  The  quantity  of  heat  developed  by 
friction  is  dependent  solely  upon  the  amount  of  force  expended, 
and  not  upon  the  nature  of  the  substances  rubbed  together.  It 
wa3  ascertained  by  Mr.  Joule  that  wl\en  water  was  agitated  by 
means  of  a  brass  paddle  wheel,  the  expenditure  of  an  amount  of 
force  sufficient  to  elevate  772  lbs.  to  the  height  of  1  foot,  had 
the  effect  of  raising  the  temperature  of  1  lb.  of  water,  1**.  When 
iron  was  rubbed  against  iron  the  expenditure  of  an  amount  of 
force  sufficient  to  elevate  775  lbs.  to  the  height  of  1  foot,  had 
tin  effect  of  raising  the  temperature  of  1  lb.  of  water,  1**.  When 
mercury  was  agitated  by  a  cast  iron  paddle  wheel,  1  lb.  of  water 
was  raised  in  temperature  1**  by  the  expenditure  of  an  amount 
of  force  sufficient  to  elevate  774  lbs.  to  the  height  of  1  foot.  The 
conclusion  deduced  was  that  the  mechanical  force  adequate  to 
raise  772  lbs.  to  the  height  of  1  foot,  produced  sufficient  heat  to 
elevate  the  temperature  of  1  lb.  of  water  from  55°  to  56°,  i.  e., 
by  1°.  There  is  good  reason  to  believe  that  the  reverse  is  also 
true.  That  the  heat  which  will  raise  the  temperature  of  1  lb. 
of  water  1°,  will  exert  a  meclianical  force  sufficient  to  raise  772 
lbs.  to  the  height  of  1  foot,  or  is  equivalent  to  this  amount  of 

Hr.  Tyndairs.  Explain  the  striking  of  sparks  by  the  flint  and  stoel.  Is  there  any  limit 
to  the  amount  of  beat  which  can  be  produced  by  friction  ?  Doe«  the  heat  produced  de- 
pend upon  the  nature  uf  the  substance  employed,  or  upon  the  amount  of  force  ?  How 
was  this  proTed  ?  How  much  heat  is  produced  by  a  meclianical  force  sufficient  to  laistt 
nZ  Ibe  oue  foot  high  ?  If  ow  much  mechanical  force  is  produced  by  an  amount  of  heal 
which  wiU  beat  1  lb  of  water,  lo.    Stato  th«  mechankal  equiTalvQt  of  kmi. 
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mechanical  force.  This  amount  of  force,  viz :  772  lbs.  elevated 
to  the  height  of  I  foot,  is  consequently  called,  the  mechanical 
equivalent  ofhtat. 

Exp«rl]n«nts. 

1.  SofQro««  of  Heat.  The  lieat  of  the  mm  may  be  shown  by  oondensing  its  nji 
upon  some  inflanmiable  mAteriai  by  an  ordinarr  burning  glass. 

8.  The  heat  of  combostion  may  be  shown  by  the  Inliammatton  of  the  ordinary  illu- 
minating gas  of  cities. 

3.  Toe  heat  of  ISIectricitv,  by  passing  the  chaige  of  a  Lqrden  Jar  through  a  jet  of 
iUumtnating  gas,  as  It  issues  into  the  air.  For  this  purpose  let  a  wire  be  attached  to  the 
stem  of  the  burner,  ascend  by  its  side  and  rise  two  inches  abore  it ;  then  let  it  c  urre 
at  right  angles,  and  terminate  in  the  center  of  the  ascending  column  of  gas ;  bring  the 
knob  of  the  Leyden  Jar  near  to  the  end  of  the  wire,  so  that  the  charge  .wiU  pass  directly 
tiirongh  the  gas     It  will  be  inflamed. 

4k  Chemical  action  produces  heat,  shown  by  pouring  1  ounce  of  Chlorohydric  add 
on  1  ounce  of  Ammonia ;  also  by  ruboing  togeUier  Sulphur  and  Caustic  Potash,  equal 
parts,  in  a  mortar.  The  Acid  slwold  be  poured  firom  a  vessel  tied  to  a  stick  several  feet 
long. 

6.  Mechanical  actron  produces  heat,  shown  by  boring  a  hcde  with  a  common  gimlet, 
In  wood,  and  then  applying  the  iron  to  a  piece  (^phosphorus.    It  will  be  Inflamed. 

6.  The  same  may  be  shown  by  the  compression  of  Air  in  the  Fire  Syringe. 

7.  Also  by  the  admission  of  air  into  an  exhausted  BeoelTer,  containing  a  Thennom- 


I  VJIZ.   The  natnre  of  Boat. 

255.  The  material  theory  of  Beat.  There  are  two  theo- 
ries in  regard  to  the  nature  of  heat  The  first  regards  heat  as 
an  extremely  suhtile  form  of  matter,  and  possessed  of  all  its 
common  properties  except  weight;  able  to  enter  into  combi- 
nation with  bodies,  and  producing,  when  it  does  so,  the  phe- 
nomena of  expansion,  liquefaction  and  vaporization.  *  It  is  sup- 
posed to  be  a  fluid,  and  to  pass,  with  great  celerity,  from  one 
body  to  another,  whenever  they  are  brought  into  actual  contact. 
When  an  appreciable  interv^  separates  two  bodies,  heat  is 
thought  to  pass  from  one  to  the  other  with  the  velocity  of  light 
Its  particles  are  supposed  to  be  very  highly  repulsive,  and  to 
have  a  strong  tendency  to  fiy  apart,  so  that  when  it  enters  an- 
other substance  it  necessarily  tends  to  separate  the  particles  of 
which  it  is  composed,  and  to  expand  the  body.  Being  destitute 
of  weight,  heat  is  called  an  Imponderable.  The  theory  of  the 
material  nature  of  heat  is  chiefly  supported  by  the  phenom- 
ena of  liquefaction  and 'vaporization,  in  which  heat  seems  to  en- 

265.  Hew  many  tNeories  are  there  In  regard  to  the  nature  of  heat?    Describe  the  ma* 
ierial  theory.    On  what  Is  this  theory  chiefly  supported? 
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ter,  in  certain  regular  proportions,  into  composition  with  other 
forma  of  matter,  and  to  produce  new  substances  differing  from 
their  component  elements  in  most  of  their  physical  properties-  • 
In  thi-^  respect  there  certainly  is  a  close  analogy  between  heat 
and  other  kinds  of  matter.  The  material  theory  of  heat,  is  the 
one  which  has  been  generally  received  until  within  a  short  lime. 

256,  The  mechanical  theory  ef  Beat.  The  second  theory 
is  called  the  mechanical  theory  of  Heat  It  supposes  that 
heat  is  altogether  immaterial  in  its  character,  and  simply  a 
ftirce  produced  by  the  vibrations  of  the  molecules  of  bodies,  or 
the  infinitely  small  particles  of  which  matter  is  believed  to  be 
made.  The  essence  of  heat  is  thought  to  consist  in  motion,  so 
tliat  it  is  always  produced  by  motion,  and  also,  itself  al^-ays 
generates  motion.  The  infinitely  small  particles  of  which  bod- 
ies consist,  are  thought  to  be  in  a  state  of  constant  vibration,  or 
to  have  a  never  ceasing  oscillating  motion.  This  motion  is 
supposed  to  be  the  cause  of  heat,  and  when  it  exceeds  a  cer- 
tain rate,  to  produce  the  sensation  and  all  the  other  commoa 
effects  of  heat.  According  to  this  view,  heat  is  a  mode  of  mo^ 
tion.  This  is  the  theory  which  was  suggested  by  Count  Run^ 
ford,  towards  the  latter  part  of  the  last  century,  supported  by 
Sir  H.  Davy,  and  has  been  revived  by  Messrs.  Grove,  Joule, 
and  especially  by  Mr.  Tyndall.  within  a  few  years. 

257.  Proef  that  heat  is  produced  hy  metios.  This  is 
pi*oved  by  the  numerous  in  stances  in  which  heat  results 
from  the  arrest  of  motion.  If  a  lead  ball  be  allowed  to  fall 
from  a  great  height  upon  an  iron  plate,  it  is  flattened  by  the  fall, 
its  motion  completely  cliecked,  and  its  temperature  will,  at 
the  same  time,  be  found  to  be  considerably  elevated.  The  mo- 
tion seems  to  have  been  transformed  or  converted  into  heat.  In 
like  manner,  if  a  railway  train  under  full  headway,  be  stopped 
by  the  application  of  the  brakes,  a^  the  mot'.on  is  retarde^U  great 
heat  is  manifestly  produced,  and  even  the  ignition  of  the  wood 
and  leather  with  which  the  wheels  are  pressed.  When  mer- 
cury is  repeatedly  poured  from  one  vessel  to  another,  its  motion, 
in  each  case,  being  suddenly  arrested  by  dashing  against  the 
sides  of  the  vessel,  its  temperature  is  perceptibly  elevated.  In 
like  manner,  if  air  be  blown  violently  against  a  fixed  obstacle, 

256  What  is  the  s«cond  theory?  Describe  it.  Who  hare  been  mine  of  the  principAl 
fupporters  of  this  theory  ?— 257.  Give  some  of  the  proofii  iliat  heat  {a  the  renultof  motioa. 
If  a  leid  ball  be  allowed  to  fall  from  a  great  height,  what  effect  is  produced  upon  ita 
tempemrure?  If  mercury  be  poured  fW>m  one  TeMiel  to  another?  if  a  nilwrny  train,  in 
tai^d  motion,  be  suddenly  stopped  ?    Give  other  irnitapcea. 
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ihe  temperature  of  the  latter,  as  wdl  as  of  the  air,  if  tested  by 
a  delicate  thermo-multiplier,  will  be  found  to  be  conaidcrably 
raised.  The  same  fact  is  also  conclusively  shown  by  the  exper* 
iment  of  Count  Rumford,  already  described,  upon  the  boiling  of 
water  in  the  boring  of  cannon.  It  is  even  asserted,  with  con- 
siderable confidence,  that  the  water  of  Ihe  cataraot  is  heated  by 
its  fii'l,  and  that  of  the  ocean  by  the  agitation  of  its  waves. 

fl58.  Proof  that  motion  is  produced  by  hcat«  This  is  f  hown 
in  the  effect  which  is  produced  upon  the  dimensions  of  bodies 
whenever  heat  enters  them.  The  particles  are  invariably  moved 
farther  apart,  and  the  bodies  expanded.  If  the  heat,  in 
the  case  of  a  solid,  be  pushed  to  the  point  of  liquefaction,  a  fur- 
ther movement  taJces  place,  and  the  particles  a^  removed  so 
far  from  each  other  as  to  be  susceptible  of  a  ready  interchange 
of  place.  Finally,  if  the  heat  be  urged  so  far  as  to  produce  va* 
porizcUion,  a  still  further  movement  is  produced  in  the  particles, 
and  they  become  actually  self-repellent  and  elastic.  The  mo- 
tion of  the.  steam-en^ne  is  altogether  the  result  of  the  heat  de- 
rived from  the  fire  of  the  furnaces.  So  is  the  motion  of  the 
caloric-engine  of  Ericsson.  The  heat  of  combustion  is  supposed 
to  be  produced  by  the  violent  clashing  of  the  prides  of  carton 
and  hydrogen,  of  which  common  combustible  matter  is  composed, 
and  the  oxygen  of  the  air.  The  mechanical  motion  imparted  to 
these  particles  by  the  force  of  chemical  affinity  tending  to  draw 
them  together,  is  converted  into  the  peculiar  kind  of  motion 
producing  the  sensation  and  the  effects  which  we  call  heat  In 
all  cases  therefore,  the  general  effect  of  heat  is  the  production 
of  motion,  and  vice  versa^  heat  is  always  produced  by  moiion. 
They  are  therefore  convertible  one  into  the  other. 

fl(59.  Boat  not  the  sole  came  of  motion^  while  notion  is 
the  sole  came  of  heat-  Though  motion  is  produced  by  heat, 
heat  is  not  the  sole  cause  of  motion.  There  are  many  other 
sources  of  motion  besides  heat,  such  as  gravity,  electricity,  and 
animal  contractility ;  but  heat  is  thought  to  be  only  produced  by 
motion.  Motion  is  regarded  as  the  natural  state  of  the  mole- 
cules of  matter.  These  are  believed  to  be  constantly  in  motion, 
even  when  the  body  of  which  they  are  a  part,  is  at  rest ;  and  m  hen 
this  motion  is,  from  any  cause,  quickened  beyond  a  certain  de- 

268.  ProTe  Uiat  motkm  Is  produced  by  heat.  Show  that  this  Is  the  ease  in  expan- 
sion. Uqne&ction  and  Taporlsation.  The  steam  engine.  The  caloric  engine.  Are  neat 
and  mechanical  force  matually  conTertible? — ^250.  Is  heat  the  sole  cause  rf  n<otion? 
On  the  other  hand  is  motion  tht  sole  cause  of  heat«  according  to  the  mechanical  theory  ? 
What  proportion  exists  between  the  heat  produced  by  a  definite  amount  of  mechanical 
motion  and  the  motion  produced  by  the  same  amount  of  heat  ? 
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gree,  heat  is  the  result.  Consequently,  mechanical  motion  is 
spoken  of  as  the  cause  of  heat,  by  which  is  meant,  that  it  is  the 
sole  cause,  while  heat,  on  the  other  hand,  is  never  spoken  of  in 
this  sense,  as  the  sole  cause  of  motion. 

260.  The  amount  of  Beat  produced  hy  a  definite  amount 
of  mechanical  motion^  and  the  Kechanical  fllotion  prodnced 
hy  the  same  amonnt  of  heat,  are  precisely  eqnaL  It  has 
been  shown  that  the  amount  of  force  produced  by  the  fall  of 
772  lbs.  through  1  foot,  is  sufficient  to  raise  the  temperatui*e  of 
1  lb.  of  water  1°  F.  i.  e.,  this  is  the  amount  of  heat  which 
would  be  generated  if  a  772  lb.  weight,  after  having  fallen 
through  1  foot,  had  its  moving  force  destroyed  by  collision 
with  the  earth.  Conversely,  it  has  been  shown,  that  if  the  force 
produced  by  rih  amount  of  heat  which  would  elevate  the  tem- 
perature of  1  lb.  of  water  1**  were  all  concentrated,  it  would  " 
be  sufficient  to  raise  772  lbs.  1  foot  into  the  air.  From  these 
facts  we  draw  the  conclusion  that  the  heat  produced  by  motion, 
and  the  motion  produced  by  heat,  are  not  simply  accidental 
circumstances,  but,  that  there  is,  in  these  cases,  a  certain  definite 
amount  of  mechanical  motion  converted  into  the  motion  which 
we  call  heat,  which  ceases  to  appear  any  more  as  mechanical 
motion ;  and  on^the  other  hand,  a  certain  definite  amount  of 
heat  motion  converted  into  mechanical  motion,  and  which  ceases 
to  appear  any  more  as  heat.  These  forces  are  not  lost  or  de- 
stroyed, but  merely  converted  from  one  kind  of  force  into  the 
other,  and  may  be  recovered  again  by  the  contrary  conversion. 
It  follows  from  this,  that,  in  all  cases  where  heat  is  used  to  pro- 
duce motion,  as  in  the  case  of  the  steam  engine,  an  amount  of 
heat  disappears  or  is  used  up  proportionate  to  the  mechanical 
effect  produced.  It  is  believed  that  the  heat  possessed  by  the 
sream  when  it  enters  the  cylinder  of  the  high  pressure  steam 
engine,  is  not  all  found  in  the  steam  which  issues  from  the  same 
cylinder,  after  the  piston  has  been  moved,  but  that  a  portion  of 
this  heat  has  been  consumed  and  converted  into  mechanical 
motion,  and  that  this  mechanical  motion  in  spending  itself,  has 
produced  again  an  equal  amount  of  heat,  by  friction,  in  the  vari- 
ous parts  of  the  machine.  According  to  the  material  theory  of 
heat,  none  of  the  heat  of  the  steam,  which  is  used,  is  consunaed, 

2fi0.  What  is  thtt  unoant  of  mechanical  motkm  produced  br  the  heat  nocesmry  to 
raiM  1  lb.  of  water  1**?  Couver«ely,  what  is  the  heat  prodaccd  by  the  mechaokal  force, 
neceiwary  to  raise  772  lbs.  1  foot?  When  heat  ii  used  to  produce  motion,  doee  the 
whole  of  the  heat  appear  at  t'ae  conclusion  of  the  process,  or  has  a  part  been  consumed 
In  producing  the  motion?  Illnstrate  thia  in  the  case  of  the  steam  engine.  Is  the  heat 
which  exisUi  in  the  steam  when  ic  enters  the  cylinder  of  a  high  pressure  engine  all  fbund 
la  it  when  it  leates  the  cylinder  ?    If  not,  what  lias  become  of  k  t 
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but  the  whole  is  found  in  the  steam  which  issues  from  the  cylin- 
der, and  may  be  collected  in  the  condenser.  The  mechanical 
motion,  according  to  this  view,  is  not  due  to  the  conversion  of 
heat  into  motion,  but  merely  to  its  expansive  effect  in  passing 
from  the  boiler  to  the  condenser. 

261.  Some  of  the  common  phenomena  of  heat  explained 
npon  the  mechanical  Theory.  According  to  this  theory,  the 
particles  of  bodies  being  in  a  state  of  incessant  vibration,  heat  is 
supposed  to  be  produced  by  increase  in  the  intensity  of  the  motion. 
"When  the  atoms  move  beyond  a  certain  determined  velocity,  and 
the  vibrations  become  more  extended,  the  heat  evolved  pushes  the 
particles  apart  and  separates  them  from  each  other,  thus  causing 
the  body  in  question  to  increase  in  volume,  and  producing  expan- 
sion. When  the  vibrations  of  the  particles  become  sufficiently 
exrtensive,  they  are  then  loosened  from  each  other  to  such  a  de- 
gree as  to  be  able  freely  to  interchange  places,  and  L'quefaction  is 
the  result  When  the  vibrations  are  pushed  so  far  that  the  par- 
ticles are  sepai'ated  too  far  from  each  other  for  cohesion  to  bind 
them  together,  they  become  self-repellent  and  elastic,  and  the 
vaporous  state  is  produced.  When  a  hot  body,  whose  particles 
are  in  a  state  of  vibration,  is  brought  near  to  another,  colder 
than  itself,  the  vibration  is  communicated  to  the  particles  of  the 
second  body,  which  are  thus,  in  their  turn,  set  in  motion,  or 
conduction  takes  place.  When  heat  is  radiated  it  is  supposed 
that  the  oscillating  motion  of  the  particles  of  the  hot  body  is 
communicated  to  the  particles  of  a  very  fine  and  delicate  ether 
pervading  all  space,  which,  as  soon  as  they  begin  to  vibrate, 
produce  a  succession  of  undulations,  that  are  propagated  in 
right  lines  until  they  reach  some  material  obstacle,  to  the  par- 
ticles of  which  their  motion  is  then  communicated.  This  is 
supposed  to  be  the  mode  in  which  radiant  heat  is  propagated 
through  spacer  and  made  to  affect  the  temperature  of  bodies  on 
which  it  fall?.  When  a  solid  body  is  liquefied,  i  t  is  well  known  that 
a  large  amount  of  heat  becomes  latent,  which,  it  has  been  thought, 
combines  with  the  solid,  in  order  to  form  the  liquid.  According 
to  the  mechanical  theory,  this  heat  is  not  stored  or  combined, 
but  has  been  simply  expended  or  used  up  in  forcing  the 
particles  of  the  body  apart,  i.  e.,  in  the  production  of  a  certain 
amount  of  motion,  and  when  these  particles  approach  each  other 

261.  Explain  liquefitctSon  according  to  the  mechanical  theory  of  heat.  Vaporisation. 
GoDdaction.  Radiation.  Explain  the  disappearance  of  heat,  or  heat  made  latent  in 
Uquefdction,  according  to  the  mechanical  theory  ;  also,  the  hsaX  made  i&teui  in  vapoxi- 
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again,  and  the  liquid  returns  to  the  solid  state,  the  motion  which 
then  takes  place  reproduces  exactly  the  amount  of  heat  which 
hid  been  consumed.  The  same  thing  takes  place  in  the  case 
of  vaporization;  there  is  no  heat  combined  or  made  latent,  but 
there  is  a  larger  amount  expended  and  used  up  than  in  the  cane 
of  liq[uefaction,  and  this  is  again  reproduced  when  the  particles 
of  the  vapour  move  near  to  each  other  for  the  purpose  of  re- 
suming the  liquid  or  solid  state.  Thus  all  the  common  phe- 
nomena of  heat  are  as  well  explained  by  the  mechanical  as  by 
the  material  theory  of  heat 

S62.  The  mechanical  theory  if  confirmed  by  lereral  sim- 
ple fkcta.  According  to  the  material  theory,  the  heat  evolved 
by  friction,  as  in  the  case  of  the  celebrated  experiment  of  Count 
Humford,  when  water  was  boiled  in  the  process  of  boring  a  can- 
non, is  heat  previously  existing  in  the  solid  metal  of  the  cannon 
and  the  borer,  in  a  latent  state,  in  other  words,  is  a  part  of  their 
specific  heat  which  is  forced  to  appear  in  consequence  of  the  dimi- 
nution of  specific  heat  produced  by  compression.  If  this  were 
the  case  it  is  evident  that  the  specific  heat  of  the  chips  and  frag- 
ments of  metal,  produced  by  boring,  should  be  less  than  before, 
to  a  degree  sufficient  to  account  for  the  increase  in  the  temper- 
ature of  the  water.  Count  Rumford  ascertained  by  experiment, 
that  the  capacity  for  heat,  or  the  specific  heat  of  the  chips  had 
not  been  reduced,  but  was  precisely  what  it  was  before.  The 
material  theory  fails,  therefore,  of  explaining  the  heat  produced 
in  this  case,  and  the  only  supposition  that  we  can  adopt  is,  that 
the  effect  has  been  caused  by  the  motion  of  the  particles  produced 
by  compressi  m,  and  by  the  mechanical  motion  of  the  borer,  convert- 
ed, in  part,  into  heat  Again,  in  Sir  H.  Davy's  experiment,  §  254, 
in  which  two  blocks  of  ice  were  melted  into  WHter  by  the  heat 
generated  by  rubbing*  them  together  in  a  vacuum,  at  a  tem- 
perature below  32^,  the  explanation  given  by  the  material 
theory  is  the  same  as  in  the  last  case,  that  the  melting  is  pro- 
duced by  the  diminution  of  the  specific  heat  of  the  ice.  The 
specific  heat  of  the  water  formed,  ought  therefore  to  be  con- 
siderably less  than  that  of  the  ice,  but  instead  of  that,  its  specific 
heat,  or  its  capacity  for  heat  is  double;  it  is  impossible,  there- 
fore, that  the  heat  which  melted  the  ice  should  be  latent  heat, 
become  superfiuous,  and  forced  to  appear,  because  the  water 

262  By  what  shnple  fkcts  Ir  the  mechanical  theorv  conflnned.  State  the  experiment 
of  Count  Rumford  of  boiling  water  by  meMns  of  fricaon ;  also,  Sir  H.  Davy's  experiment 
of  melting  ice  by  Motion.  Show  how  both  are  explicable  upon  the  laecbaoical,  but 
InexpUcable  on  the  material  thecvy  of  heat. 
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^u'd  not  retain  it  It  is  certain,  also,  that  in  all  casos  when  ice 
b  melted,  there  is  an  enormous  amount  of  heat  absorbed,  and 
none  whatever  given  forth.  The  conclusion,  therefore,  is,  that 
the  melting  of  the  ice  is  due  to  the  coiversion  into  heat  of  a 
part  of  the  mechanical  motion  employed. 

Lastly,  it  has  been  seen,  tliat  when  gases  are  rarefied  by  a 
diminution  of  pressure,  their  temperature  is  greatly  reduced, 
and  this  has  been  regarded  as  the  cattse  of  the  low  tempera- 
ture which  prevails  in  the  higher  regions  of  the  atmosphere. 
The  explanation  f  iven,h!is  been  that  the  specific  heat  of  rarefied, 
is  much  greater  than  that  of  condensed  air,  and  the  demand  for 
heat,  caused  by  the  expansion,  is  satisfied  at  the  expense  of  the 
heat  of  temperature.  It  has  been  ascertained,  however,  from  a 
calculation  of  the  weight  of  the  atmosphere,  raised  by  the  ex- 
pansion of  a  heated  body  of  air  confined  in  a  cylinder,  under  a 
piston  moving  freely,  and  open  to  the  air  above,  that  the  amount 
of  heat  of  temperature  which  disappears,  is  exactly  pix)poi  tioned 
to  the  weight  raised,  or  the  mechanical  motion  produced,  and  that 
these  are  in  the  precise  proportion  of  772  lbs.  raispd  i  ^not  for 
an  amount  of  heat  sufiicient  t  heat  1  lb.  of  water  by  1**  F.  It 
seems  evident,  therefore,  that  the  diminution  of  temperature  in 
the  case  of  expanding  air,  is  due  to  the  consumption  of  heat, 
and  its  conversion  into  the  mechanical  motion  of  the  molecules 
in  the  act  of  expansion ;  and  the  exact  agreement  of  the  propor- 
tion of  heat  to  motion  in  this  particular  case,  with  the  calculate  d 
proportion  between  heat  and  motion  in  the  determination  of  the 
mechanical  equivalent  of  heat,  §  254,  furnishes  a  very  strong 
argument  in  favor  of  tha  mechanical  theory  of  heat. 

S63.  tteat  may  be  converted  into  Ziight.  If  we  inten  ify 
the  vibrations  of  heat  in  any  body,  we  convert  it  into  Light, 
and  cause  the  body  to  shine.  This  we  can  do  by  expoi^ing  a 
piece  of  platinum  wire  to  heat  of  gradually  increasing  intensity. 
At  first  it  em'ts  only  obscure  rays  of  heat,  then  luminous  rays 
of  light  of  a  very  feeble  red  color,  then  those  of  a  bright  cherry 
red,  then  orange,  yellow,  white,  and  finally  an  intense  blue.  It 
has  b^^en  calculated  that  all  red  light  is  produced  by  a  temper- 
ature of  700°,  bright  red  900°,  full  red  heat  1000°,  yellow  11 00°, 
white  light  1400°  to  3280°.  Even  the  dullest  substances  may 
thus  be  made  to  emit  light  of  the  greatest  brilliancy  and  inten- 
sity.    From  this  it  would  seem  that  Light  is  only  the  exceed- 

flhow  how  the  dimlntitioii  of  temperatiire  in  the  Atmoiiphere,  w  we  iseend,  may  be  ex- 
pbiaed  tipo.i  the  mechanical  theory.— 263.  Show  how  heat  con  be  converted  into  light 
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ingly  rapid  vibrations  of  the  same  ctlier,  which  when  vibrating 
more  slowly  producer  merely  the  effect  and  sensation  of  UeaL 
As  the^e  heat  vibrations  increase  in  rapidity  they  produce,  fir^t 
that  kind  of  light  which  results  from  the  slowest  Light 
vibrations,  then  that  color  which  is  produced  by  vibrations  of  a 
more  rapid  character,  and  finally  blue  light,  which  has  been 
found  to  be  produced  by  the  most  rapid  vibrations,  and  to  be 
possessed  of  the  greatest  refrangibility.  On  the  other  hand, 
that  Light  may  be  converted  into  Heat,  seems  to  be  proved  by 
the  experiment  of  placing  cloths  of  different  colors  upon  the 
snow.  The  tempemture  of  these  cloths  is  shown  by  the  depth 
to  which  the  snow  is  melted  beneath  them;  and  this  is  foimi  to 
be  precisely  the  order  in  which  they  absorb  the  light:  black  de- 
strop's  all  light  vibrations  and  it  is  found  to  be  heated  the  most 
and  sunk  the  most  deeply  in  the  snow ;  next  comes  blue,  grv^eii, 
purple,  red  and  ye'.low,  white  reflects  all  the  light,  and  conse- 
quently is  heated  the  least  of  all  the  colora.  Light  can  al-^  be 
)f3solved  into  heat  through  the  medium  of  chemical  action. 
Heat  and  Light  are  therefore  produced  by  the  same  cause,  act- 
ing with  different  degrees  of  intensity,  and  we  naturally  pass, 
therefore,  from  the  study  of  radiant  Heat  to  that  of  radiant 
Light. 

S6i.  The  convertibility  of  the  Forces  which  act  n^n  mat- 
ter iato  each  other  and  their  indestmctlbility.  The  gene!*al 
conclusion  at  which  modem  science  has  arrived,  is  that  the  va- 
rious forms  of  force  which  act  upon  matter  are,  many  of 
them,  if  not  all,  capable  of  passing  into  each  other,  and  that  in 
all  cases  when  a  force  seems  to  be  destroyed,  it  is  not  really 
so,  but  simply  converted  into  another  variety  of  force  of 
equal  energy.  Force  is,  then,  believed  to  be  as  indestructible  as 
matter.  By  this  expression  it  is  not  meant  that  either  force  or 
matter  are  incapable  of  destruction,  but  simply,  that  in  fact,  as 
the  material  world  is  at  present  constituted,  neither  of  them  is 
destroyed  in  the  various  transmutations  which  they  undergo, 
but  are  merely  changed  from  one  form  to  another.  The  pri- 
mary form  of  force  which  is  selected  as  the  type  of  all  the  oth- 
ers is  mechanical  motion.  Into  this  all  the  others  are  capable 
of  being  resolved,  and  out  of  it,  most  of  them  can  be  again 
elcited.  From  heat  may  be  obtained  light,  electricity,  chemi- 
cal action  and  motion;   from  light  may  bo  obtained  chemical 

Show  that  light  may  be  conTertod  Into  heat — 291.  What  is  the  general  eonclu5ton  of 
iBoderu  srienrc  in  nffnHi  to  Vm  oonYertibilitr  of  tlie  Ibrcei  that  act  on  mutter,  oni  t  jeir 
InOwtractibUity.  ' 
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action  and  heat;  from  electricity,  heat,  light,  chemical' actiofn, 
and  motion ;  from  chemical  action,  heat,  light,  electricity,  and 
motion ;  from  motion  itself,  heat,  light,  electricity,  and  chemical 
action.  The  intimate  connection  of  Heat  and  Light,  r.nd  their 
mutual  convertibility,  will  be  seen  more  clearly  from  the  follow- 
ing chapter. 

264*.  There  is  an  Analegy  between  Sound,  and  Beat,  and 
Light.  It  is  well  known  that  sound  is  produced  by  vibrations' 
imparted  to  the  air,  and  that  the  pitch  of  a  sound  depends  upon 
the  number  of  these  vibrations.  In  like  manner  it  is  thought 
that  heat  and  light  are  produced  by  the  vibrations  of  an  ex- 
tremely sensitive  ether  with  which  all  matter  is  peimeated. 
1  he  difference  between  the  vibrations  of  air  and  ether  consists 
in  the  greater  delicacy  and  elasticity  of  ether,  which  not  only 
admits  of  a  greater  rapidity  in  the  propagation  of  motion,  but 
also  of  an  immensely  greater  number  of  vibrations  per  second, 
M  hich  require  to  be  counted  by  billions.  The  difference  there- 
foi-e  between  sound,  heat,  and  light  is  chiefly  a  difference  in 
the  rale  of  vibration  of  the  respective  media  which  produce 
them. 

Again,  the  vibrations  communicated  to  air  are  also  imparted 
to  the  ether  by  which  it  is  permeated.  These  vibrations  at  first 
produce  only  the  phenomena  of  sound,  but  as  soon  as  they  exceed 
a  certain  number  per  second  the  phenomena  of  heat  begin  to 
manife  t  themselves,  and  should  these  vibrations  go  beyond  a 
certain  limit,  then  the  phenomena  of  light  make  their  ap()ear- 
ance.  Here  we  have  another  illustration  of  the  convertibility 
of  forces,  which  is  described  very  elegantly  by  Dove  as  follows : 
"  In  the  middle  of  a  large  darkened  room  let  us  suppose  a  rod 
set  in  vibiation  and  connected  with  a  contrivance  for  continu- 
ally augmenting  the  speed  of  its  vibrations.  I  enter  the  room  at 
the  moment  when  the  rod  is  vibrating  four  times  in  a  second. 
Neither  eye  nor  ear  tell  me  of  the  presence  of  the  rod,  o.ly 
the  hand  which  feels  the  strokes  when  brought  within  their 
reach.  The  vibrations  become  more  rapid,  till  when  they 
reach  the  number  of  thirty-two  in  a  second,  a  deep  hum  strikes 
my  e:ir.  The  lone  rises  continually  in  pitch,  and  passes  through 
all  the  intervening  grades  up  to  the  highest,  the  shrillest  note,  then 
all  ^ink^  again  into  the  former  grave-like  silence.  A^'hile  full  of 
astonishment  at  what  I  have  heard,  I  feel  suddenly  (by  the  in- 
creased velocity  of  the  vibrating  rod)  an  agreeable  warmth,  aa 
from  a  fire,  diffusing  itself  from  the  spot  whence  the  sound  had 
proceeded.     Si II  all  is  dark.     The  vibrations  increase  in  ra-* 
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pidit J,  and  a  faint  red  light  begins  to  glimmer;  it  gradnally 
brightens  till  the  rod  assumes  a  vivid  red  glow,  then  it  turns 
to  yellow,  and  changes  through  the  whole  range  of  colors  up 
to  violet,  when  all  again  is  swallowed  up  in  night  Thus  na- 
ture speaks  to  the  different  senses  in  Kuecession,  at  first  a  gentle 
word,  audible  only  in  immediate  proximiry,  then  a  louder  caiJ 
iroin  an  ever  increasing  distance,  till  finally  her  voice  is  borne 
on  the  wings  of  light  from  regions  of  immeasurable  space." 


CHAPTER  in. 

THE   SECOND    CHEMICAL    AGENT: — LIGHT. 

THK   NATHRK  OP  LIGHT;    SOURCRS;    RKFLECTION ;    RKFRACTIOX;    SOLAR   SPEC- 
TRUM; spRCTRrM  ANAr.Tsia;   kfpkct  of  light  on  plants;  chrmical 

EFFECTS  OF  LIGHT;  PHOrOORAPUY;  RELATIONS  OF  LIGHT  AND  BEAT. 

263,  The  nature  of  Xii^ht,  The  second  of  the  great  Im- 
pondemble  Agents  controlling  the  action  of  Affinity,  and  play- 
ing an  important  part  in  many  chemical  phenomena,  is  Light. 
Tliere  are  two  hypotheses  in  I'egard  to  the  nature  of  light  cor- 
responding with  those  which  have  been  explained  in  regard  to 
the  nature  of  heat  According  to  the  first  of  the«e,  light  is  a 
subtile  material  fluid,  which  is  thrown  off  by  all  luminous  bodies, 
compo:^d  of  particles  inconceivably  minute,  and  moving  with 
immense  velocity.  These  particles  falling  on  different  substan- 
ces are  reflected,  transmitted,  or  absorbed,  and  when  they 
strike  upon  the  optic  nerve,  produce  the  sensation  of  light. 
The  second  hypothesis  supposes  that  light  is  the  residt  of  undu- 
lation, produced  in  an  exceedingly  rare  aad  subtile  medium, 
pervading  all  space,  and  fiUmg  the  interstices  of  all  forms  of 
mat  er.  This  medium  is  not  light  itself,  but  it  can  be  thrown 
into  the  yibradons  which  constitute  Jight  by  impulses  communi- 
cated to  it  by  all  luminous  objects.  The  latter  is  the  theory 
now  generally  received,  as  it  affords  the  most  complete  expbina- 
tion  of  all  the  plienon^ena  of  light*  It  is  strongly  supported  by 
'the  analojry  of  sound,  which,  as  is  well  known,  is  produced  by 
the  undulations  of  the  air,  and  is  in  like  manner  susceptible  of 
truu-mis^iou,  reflection,  and  absorption ;  it  also  corresponds  with 

2<V).  Whnt  U  th$  Mcood  Imponderable  ?    How  voAny  theories  Are  there  hi  regard  to  Um 
laatum  of  liglit  ?    StaU  tlio  material  theory.    The  uodulatory  theory. 
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^e  ^indulatory  theory  of  heat  already  explained,  and  now  be- 
ginning to  be  generally  received. 

265.  The  sources  of  Xiight.-8oUr  Xa^ht.  The  first  and 
most  important  source  of  light,  is  the  sun  and  the  heavenly 
bodies.  The  origin  of  the  hght  of  the  sun  and  the  star:*  is^un- 
known,  but  it  is  generally  supposed  that  the  inflammable  mat- 
ter which  appears  to  surround  the  sun  is  gaseous  in  its  charac- 
ter, bemvise  the  light  which  it  emits  is  the  same  as  that  which 
pro;jeed3  from  gaseou-^,  iuTlammable  substances,  and  does  not 
afford  any  trace  of  polarization  by  the  instruments  intended  to 
detect  it.  Astronomical  investigations  have  rendered  it  proba- 
ble that  the  sun  consists  of  two  parts,  a  central  mass,  emilting 
light  of  great  brilliancy,  and  an  external  luminous  atmosphere, 
also  emitting  light,  and  called  a  photosphere.  This  view  of  the 
constitution  of  the  sun  is  supported  by  the  recent  discoveries 
con  lected  with  spectrum  analysis. 

267.  Zgnition  of  Bolids  asoiireeofZ4£rht«  Whenever  any 
solid  body  is  raised  to  a  temperature  of  900°,  or  1000°,  it  be- 
gins to  emit  light,  and  becomes  luminous,  or  incandescent. 
Even  gaseous  matter,  if  heated  to  2000**,  becomes  feebly  lumi- 
nous. If  any  solid  matter  be  introduced  into  a  current  of  gas 
at  this  higli  temperature,  the  brightness  of  the  light  is  greatly 
increased,  and  it  is  upon  the  ignition  of  solid  mutter  in  the 
interior  of  currents  of  intensely  heated  gas,  that  all  processes 
of  aruficial  illumination  in  common  use,  depend.  In  the  case  of 
illuminating  gas  kerosene,  candles,  ana  oil,  the  solid  sub- 
stance emitting  the  light,  is  carbon  in  a  state  of  intense  igni- 
tion, precipitated  from  the  gas  in  which  it  previously  existed  in 
oo.nbination  with  hydrogen.  This  very  curious  and  beautiful 
process,  on  which  so  much  of  the  comfort  and  enjoyment  of  man 
depends,  will  be  more  particularly  described  hereafter.  One  of 
ithe  most  remarkable  in-^tances  of  the  production  of  light  in  this 
manner  is  seen  in  the  case  of  the  Drummond  light,  in  which  a 
jet  of  mixed  oxygen  and  hydrogen  is  directed  upon  a  pi'  ce  of 
solid  lime.  The  gases  burning  alone  produce  a  flame  which  is 
hardly  perceptible,  but  the  moment  the  lime  is  introduced,  the 
biilliancy  of  the  light  becomes  at  once  too  great  for  the  eye  to 
bear,     liven  a  piece  of  platinum,  or  of  china,  introduced  into 

2%.  What  is  the  flnt  source  of  lU^ht  ?  Wliy  la  V\e  light  of  the  sun  and  stars  supposed 
to  be  of  g  iseous  origin  ?  What  is  {luppoaeU  to  be  the  coniititutioq  of  the  i$uu  .'->267.  Wuat 
Is  the  Mcond  oouree  of  light  ?  IIow  can  «oUd  matter  L/e  made  to  emit  light  ?  On  wtiat  do 
all  proce^jned  of  artiftrinl  light  in  common  u<^e  depend  ?  What  is  the  ignited  rolid  8ub> 
stance  which  emits  light  in  the  burning  of  i  luminating  gat  and  candlei^?  iilzplnia  U|« 
Prunuaood  light.    Voe*  tlie  ij^oited  solid  la  tliid  cuso  undergo  an/  change  ? 
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this  flame,  or  any  other  solid  substance,  will  instantly  begin  to 
emit  light.  In  all  these  cases  the  solid  itself  undergoes  no 
changi%  and  remains  uncon^^umed.  The  color  of  the  liglit  va- 
ries with  the  intensity  of  the  heat ;  when  first  perceptible,  it  is 
of  a  dull  red,  and  gradually  passes  into  orange,  yellow,  white, 
and  violet.  The  temperature  at  which  bodies  begin  to  emit  red 
light  in  the  dark,  is  about  700°,  but  in  broad  daylight,  solid 
matter  does  not  become  incandescent  until  heated  to  1000°. 
Platinum  begins  to  emit  light  in  the  dark,  at  977°.  If  platinum, 
bras:?,  antimony,  gas-carbon,  porcelain,  black-lead,  copper,  and 
palladium,  be  introduced  into  a  clean  gun-barrel,  which  is  then 
raised  to  a  dull  red  heat,  they  are  found,  on  looking  into  the 
barrel,  to  emit  red  light  at  the  same  moment,  showing  that  they 
all  require  nearly  the  same  temj)erature  to  make  them  incan- 
descent. Chalk  and  marble,  under  the  same  circumstances 
require  a  lower  temperature,  and  begin  to  emit  light  before  the 
gun-barrel  is  red-hot. 

268.  Electricity  a  tonrce  of  Light.  This  is  a  powerful 
source  of  light,  as  may  bo  seen  in  the  case  of  the  sparks  pro- 
duced by  the  ordnary  electric  machine,  and  also  by  the  excess- 
ive brightness  of  a  flash  of  lightning.  The  galvanic  battery 
produces  a  steady  and  permanent  light,  too  bright  for  the  un- 
protected eye  to  bear,  if  the  wires  from  the  two  poles  are  tipped 
with  charcoal,  and  brought  near  enough  to  each  other  for  the 
electric  current  to  pass.  Attempts  have  been  made  to  employ 
this  light  in  light-houses,  but  with  indifferent  succe^.  In  the 
galvanic  battery,  chemical  action  is  the  source  of  the  electrical 
current ;  but  this  may  abso  be  produced  by  the  revolution  of 
wound  armatures  before  the  po'.es  of  powerful  magnets,  and  if 
this  current  be  allowed  to  pass  through  charcoal  points,  light  of 
equal  intensity  to  that  of  the  galvanic  battery  may  be  obtained. 
The  motion  required  may  be  generated  by  a  small  steam  engine. 
This  is  the  form  in  which  electricity  is  now  chiefly  used  for  the 
production  of  artificial  light  Here  wo  have  a  striking  instance 
of  the  conversion  of  forces ;  heat  produces  motion ;  motion  is 
resolved  into  electricity,  and  this  electricity  into  heat  and  light. 
The  electric  light  from  the  battery  is  frequently  substituted  for 
the  sun,  in  optical  experiments,  on  account  of  its  excessive 
brightness. 

What  is  the  tcmpcraturo  at  vrhlch  red  light  In  the  dark  Is  emitted ?  In  broad  day- 
light ?  Do  all  bodies  require  nearly  the  same  temperature  to  render  them  incand«ec«nt  ? 
—208.  What  iii  the  third  muroe  of  Ught?  What  Is  said  of  the  light  produced  by  the 
galvanic  battery  ?  To  what  purpose  baa  It  been  applied  ?  By  what  other  meana  haa 
li^ht  of  equal  intenrity  been  produced?  Can  motion  be  ooDTerted  into  Ught?  What 
illuatration  doei  this  afford  of  the  couTersion  of  forces  ? 
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269*  Szposiira  to  the  ran'i  rayiy  and  to  eloctricitjr^  a 
source  of  Xiight-  There  ai-e  some  substaoces,  like  the  diamond, 
and  otlier  minerals,  which,  after  being  exposed  to  the  sun's  rays 
for  some  time,  appear  luminous  when  carried  into  a  dark  place. 
This  propL'rty  of  emitting  light  without  the  application  of  an 
elevaed  aniticial  temperature,  is  called  phosphorescence.  Fluor 
spar,  the  diamond,  and  white  marble,  acquire  phosphorescence, 
on  the  discharge  through  them  of  a  succession  of  electric  sparks. 
Again,  if  fluor  spar  be  heated  quite  hot,  it  will  become  phos- 
phoi-e^cent,  and  emit  a  beautiful  blue  light. 

270*  Decaying'  animal  and  vegetable  matter  a  lonrce  of 
Light.  Sea  fish,  and  especially  the  herring  and  mackerel,  become 
pho  jphorescent  shortly  after  death.  By  placing  such  fish  in  weak 
saline  solutions,  such  as  sea  salt,  these  solutions  become  lumi- 
nous, and  this  appearance  will  continue  for  some  time.  In  like 
manner,  certain  species  of  wood,  in  a  state  of  decompo.^ition, 
become  phosphorescent,  and  shine  with  considerable  brilliancy 
in  the  dark.  In  all  these  cases  the  light  ceases  to  be  given 
forth  if  the  temperature  be  reduced  below  32°.  The  light  is 
probably  due  to  a  species  of  slow  combustion,  produced  by  the 
combination  of  the  substance  in  question  with  the  oxygen  of 
the  air.  Pho.^phorus,  a  simple  sub.tance  extracted  from  bone-s 
also  emits  quite  a  brilliant  light,  when  exposed  to  the  air,  on 
account  of  its  rapid  union  with  oxygen,  and  as  this  substance 
exists  to  a  limited  degree  in  all  animal  and  vegetable  matter,  it 
is  not  unlikely  that  their  phosphorescence  Ihay  be  due  to  thb 
cause. 

.  271.  Ztnminoni  animals  a  lonrce  of  Zaght.  The  glow-worm 
and  the  fire-fly  have  the  power  of  giving  out  light,  and  hi  tropical 
climates  there  are  numerous  insects  which,  on  being  irritated, 
emit  sufficient  light  to  allow  of  reading.  The  waters  of  the 
ocean,  in  tropical  latitudes,  emit  a  beautiful  phosphoi^escent 
light,  on  agtation,  which  is  thought  to  be  due  .to  the  presence 
of  ni'.nute  animalcule^.  Two  of  these  animalcules  placed  in  a 
bottle  of  water,  have  been  known  to  diffuse  a  luminous  influence 
through  the  whole  mas5. 

272.  Crystallization  a  lonrce  of  Ziight.  If  sulphate  of 
soda,  and  a  few  other  salts  that  liave  been  fused  by  the  action 
of  fire,  be  dissolved  in  water,  and  crystallized,  the  formation 
«  —  ■ 

2^.  Whfit  is  the  fourth  murce  of  light?  Wltsit  is  phosphorenpenco ?  How  do  fluor 
spir,  tiie  (liiiHiond,  and  white  marble,  acquire  pho«ph<m*rence  ? — 270.  What  is  the  fifth 
Boun  c  of  li^.it  i  To  what  i»  thiM  lijicht  probably  due  ?  Wh;<t  i*  said  of  pho«iphoruff  as  a 
aonn e  of  li;;  it  f— 271  Wii  it  U  the xLxth  murre  of  liKht?  Give  iUuAtratioas.— 2?2  Wiial 
la  Vm  Herenta  •onrce  of  light  ?    Give  illustratioof. 
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and  separation  of  each  crystal  will  bo  attended  by  a  flash  of 
light.  The  same  result  is  produced  if  transparent  arsenious 
acid  is  dis::olved  in  hot  chloro-hydric  acid,  and  allowed  to  crys- 
tallize ;  if  tlie  process  be  watched  in  a  darkened  room,  a  faint 
flash  of  light  will  be  seen  to  accompany  the  deposition  of  each 
crystal.     Tlie  cause  of  this  light  is  not  known. 

273.  The  reflectioii  of  lai^ht.  Light,  whatever  be  the 
source  from  which  it  emanates,  proceeds  in  straight  lines,  and 
these  rad  ate  from  the  luminous  centre  equally  in  all  directions. 
The  ^e  fine  radiations  are  called  rays,  Mid  a  collected  bundle  of 
them  is  called  a  beam  of  light.  The  intensity  of  h'ght  d'min- 
ishei  according  to  the  square  of  the  distance  from  the  luminous 
centre ;  so  that  a  body  receives  one-quarter  the  light  at  a  dis- 
tance of  two  feet  from  the  source  of  light,  that  it  did  at  the 
distance  of  one  foot  When  these  rays  fall  upon  the  surface  of 
solid  bodies  they  are  reflected,  absorbed,  transmitted,  and  re- 
fracted, in  the  same  manner  as  rays  of  heat  under  similar  cir- 
cum  tances.  The  law  of  reflection  is,  that  the  angle  which  the 
ini'ident  ray  makes  with  a  perpendicular  at  the  point  of  contact 
with  the  reflecting  surface,  is  equal  to  the  angle  which  the  re- 
flected ray  makes  with  the  same  perpendicular.  The  phenomena 
of  the  reflection  of  light  from  mirrors,  are  the  same  as  for  the 
reflection  of  heat,  §  73.  There  are  diflTerent  kinds  of  light,  dis- 
tinguished from  each  other  by  color,  just  as  there  are  different 
kinds  of  heat,  di^inguished  from  each  other  by  temperature ; 
and  when  a  beam  of  common  light  falls  upon  a  solid  body,  Fome 
of  the  kinds  of  light  of  which  it  is  composed  may  be  aliorbed, 
and  some  reflected.  It  is  by  this  absorption  of  certain  rays,  and 
the  reflection  of  others,  that  the  colors  of  bodies  are  produced ; 
the  color  of  the  body  in  question  being  that  of  the  rays  which 
are  reflected.  If  all  the  rajrs  are  absorbed,  except  the  red,  the 
body  will  appear  to  be  of  a  red  color ;  if  all  are  absorbed  ex- 
cept the  yellow  and  the  blue,  the  body  will  seem  to  be  of  a 
grticn  co'or,  green  being  produced  by  a  mixture  of  yellow  and 
bh:c.  There  arc  certain  bodies  which  transmit  light  freely, 
without  ab  orption,  and  allow  objects  to  be  seen  through  them  ; 
these  are  called  transparent :  those  which  do  not  allow  the  light 
to  pass  through  them  are  called  opaque.  There  are  no  sub- 
stances, however,  which  are  perfectly  transparent.     The  purest 

273.  In  vrhnt  dirpction  do  rays  of  light  proceed  ?  What  hecomee  of  these  tBjtt  when 
they  fill  on  other  «ub«>tances?  What  is  the  law  ot  reflectioa?  Ilow  does  the  reflection 
of  llg  it  comparo  with  that  of  heat?  Snlaln  the  colon  of  bodies.  What  are  tnuuipa. 
ret^f.  ftul  Hhat  opjque  bodies?  Art  there  any  substances  peiftotly  tnuuQMunent  or 
opjque? 
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atmosphere,  and  the  eljecirest  glass,  arrest  a  portion  of  the  L'ght. 
It  is  estimated  that  i:ot  more  than  ^^jVv  p&i*tof  the  light  of  the  sun's 
beams  reach  the  earth,  the  remainder  being  absorbed.  On  the 
other  hand,  there  are  no  bodies  wliii'h  are  perfectly  opaque; 
jgold,  one  of  the  densest  of  the  metals,  may  be  hammered  into 
very  thin  leaves,  which  transmit  a  green  light,  if  the  metal  be 
pure  gold,  and  purple,  if  alloyed  with  silver. 

274-  The  refractioii  of  X«i^ht-  If  a  ray  of  light  fall  per- 
pendicularly upon  any  transparent  medium,  it  will  contiime  on 
its  course  without  any  deviation ;  but  if  it  fall  obliquely,  it  will 
be  bent  more  or  less  out  of  its  original  course.  This  sudden 
bending  of  a  ray  of  light  is  called  refraction.  The  refracted 
ray  passes  on  in  its  new  direction,  through  the  refracting  medium, 
in  a  straight  line ;  but  on  issuing  again  upon  the  opposite  side, 
it  is  refracted  a  second  time  in  a  contrary  direction,  and  is 
restored  to  a  course  parallel  to  that  which  it  had  at  first,  pro- 
vided the  two  refracting  surfaces  are  exactly  parallel.  Refrac- 
tion always  takes  place  when  rays  of  light  pass  from  a  rai-er  to 
a  denser  medium,  or  from  a  denser  into  a  rarer  medium,  as  from 
air  into  glass  or  water,  and  from  glass  or  water  into  air.  Tiiis 
is  illustrated  in  Fig.  100,  where  8  A  represents  the  incident  ray, 

and  N  M  the  refracting  medium. 
F'K-  100.  As  goon  as  the  I'ay  of  light  |)asses 

out  of  the  air  into  the  p'ate  of 
glass  at  A,  it  is  bent  out  of  its 
course  towards  D ;  and  aga'n, 
when  it  passes  from  the  den  er 
medium  of  the  glass,  into  the 
rarer  medium  of  the  air,  it  is  re- 
fracted in  the  opposite  direction, 
and  takes  the  direction,  D  B,  par- 
Re/ractioH  of  Light.  allcl  to  its  Original  course.     In 

general,  the  denser  a  substance 
is,  the  greater  is  the  refraction  which  it  produces  in  a  ray  of 
light.  But  this  is  far  from  being  universally  true,  for  ether, 
alcohol,  and  olive  oil,  which  are  lighter  than  water,  have  a  hiojher 
refractive  power.  Observation  has  shown  that  inflammable^  or 
combustible  bodies,  such  as  the  diamond,  phosphorus,  sulphur, 
amber,  camphor,  olive  and  other  oils,  have  a  refractive  power 
from  two  to  seven  times  greater  than  that  of  incombustible  sub- 

274  Wh»t  111  meant  by  the  n>fVactlon  of  ll^ht?  In  what  direction  doefl  the  lifrht  piwa 
ihrouKh  the  refracting  me<liuni  ?  Dewribc  Fie.  100.  What  effect  tuvi  denidty  upon  re- 
fncXXyt  power  ?    Wtiat  has  been  noticed  in  regard  to  combustible  substances  ? 
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stances  of  equal  density.  The  laws  and  phenomena  of  refrac- 
tion are  among  the  most  interesting  and  important  of  all  ihofe 
connected  with  the  subject  of  light,  and  upon  them  depends  the 
operation  of  the  microscope,  telescope,  and  many  other  optic  al 
instruments.  Their  consideration,  however,  belongs  more  par- 
ticularly to  Natural  Philosophy,  and  the  student  is  referred,  for 
their  full  explanation,  to  some  extended  treatise  upon  Optics. 

275.  Double  refractton  and  polarizatioii  of  Xiight.  Light  is 
not  only  susceptible  of  simple,  but  also  of  double  refraction,  as 
is  the  ca«e  with  rays  of  heat.  If  a  ray  of  light  be  allowed  to 
fall  at  an  oblique  angle  upon  a  rbombohcdral  crystal  of  Iceland 
spar,  Fig.  101,  it  wlU  be  separated  into  two  refi  acted  rays,  ore 

of  which,  o,  will  follow  the  oidi- 
F»g- 101.  nary  law  of  refraction ;  the  other, 

E,  pursues  a  totally  different  di- 
rection, and  in  a  different  p'ane. 
The  former  is  called  the  ordi- 
nary, the  latter  the  extraordi- 
nary, ray.  Light  that  has  been 
doubly  refracted  is  found  to  have 
undeigone  a  remarkable  modifi- 
cat'on,  ard  is  no  longer  capable 
of  leflection,  refraction,  or  trans- 
mission in  the  same  manner 
a.s  before.  Each  ray  on 
'  emerging,  has  acquired  n^w  properties.  The  rays,  in  fact, 
appear  to  have  acquired  sides,  and  to  have  new  relations  to  cer- 
tain planes  within  the  crystal ;  fU(h  rays  are  ea'd  to  le  polar- 
ized. Light  may  be  polarized  by  reflection,  and  also  by  trans- 
mission through  bundles  of  plates,  as  well  as  by  certain  crystals. 
Polarized  light  is  po-^sessed  of  many  peculiarities,  which  have 
boen  applied  (o  some  important  practical  purposes.  A  portion 
of  all  reflected  light  is  polarized,  and  thus  the  astronomer  can 
ascertain  whether  the  light  proceeding  from  a  heavenly  tody 
had  its  origin  in  the  body  itself,  or  has  been  derived  from  ionie 
o'her  source.  Light  proceeding  from  incandescent  bodies,  such 
as  hot  iron,  glass,  and  various  liquids  under  a  certain  angle,  is 
polarized ;  and  from  a  gaseous  substance,  such  as  illuminating 
gas,  is  in  its  unpolaiized  condition.     On  applying  this  principle 

275.  WhAt  id  mennt  by  double  relVaction?  By  polarization?  Are  there  anv  oti.er 
meanfi  by  whirh  light  can  be  polnrispd?  What  peculiarity  is  poOTwiwid  by  all  reflected 
lifCht?  What  ifl  the  diflprerre  between  light  proceeding  fW>m  ignited  Kolid  bodi*«  xnd 
ignited  gaMS?  What  application  ha«  Arngo  made  of  this  principle  to  the  light  ^  tho 
»un? 


Double  Refraction  of  Light. 
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to  the  sun,  Arago  is  said  to  have  discovered  that  the  light  which  it 
emits  is  of  gaseous  origin.  On  transmitting  polarized  light 
through  transparent  media,  whose  structure  h  not  peifeetly 
homogeneous  and  then  allowing  the  light  to  be  reflected  to  the 
eye  of  the  observer,  at  an  angle  of  5G°,  the  most  brilliant  col- 
ors will  appear.  From  the  production  of  these  colors,  we  can 
infer  the  want  of  homogeneity  in  the  transparent  medium ;  and 
by  an  extension  of  observations  of  this  kind,  instruments  have 
been  constructed  by  which  a  quantity  of  crystallized  matter  ex- 
is:  ing  in  any  solution  may  be  ascertained,  too  minute  for  the 
power  of  ordinary  chemical  analysis  to  detect.  This  has  been 
practically  applied  in  the  manufacture  of  sugar,  and  to  the  de- 
termination of  the  progress  of  diseases  in  tlie  human  body. 
For  details,  in  reference  to  this  interesting,  but  difficult  subject, 
refei"ence  must  be  made  to  some  treatise  on  Optica. 

276.  The  compound  nature  of  Solar  Xiisrlit.— The  IHnmina- 
ting' Rays.  A  beam  of  eolar  light  does  not  consist  of  one  sin- 
g'e  kind  of  light,  but  of  several,  possessed  of  different  colors 
when  separated,  but  when  united,  produc'ng  upon  the  eye  the 
impression  of  white  light.  These  different  kinds  of  light  are 
■  possessed  of  Sifferent  refrangibility,  and  consequently,  when 
made  to  pass  through  the  same  refractive 
medium,  they  are  not  all  bent  to  the  same 
extent  from  their  original  course.  By  this 
unequal  refraction,  they  are  separated  from 
each  other,  and  each  can  be  made  to  exhibit 
its  own  proper  color.  Sir  Isaac  Newton  was 
the  discoverer  of  the  compound  nature  of 
white  light,  and  he  employed  for  this  pur- 
pose a  solid   piece  of  glass,  of  triangular 

shape,  known  under  the  name  of  the  prtsm^ 

Prism.  Fig.   102.     Sometimes  the  prism  is  made 

hollow,  and  filled  with  water,  or  fome  other 
liquid.  On  placing  the  prism  in  such  a  position  that  one  of  its 
faees  may  be  horizontal,  as  at  A,  Fig.  103,  and  allowing  a  beam 
of  sunlight,  admitted  through  a  very  small  circular  aperture,  to 
fall  at  an  oblique*  angle  upon  one  of  the  other  fare-«,  the 
beam  of  sunlight,  in  passing  through  the  prism,  will  be  re- 
fracted twice,  once  at  its  entrance,  and  again  at  its  emerg- 

What  effect  tnkes  place  inrhen  polarlied  light  is  transmitted  through  bodie*  whode  struc- 
ture is  not  perfectly  homogeneous  ?  What  applications  have  been  made  of  tbet'e  prin- 
ciples ?— 276.  How  can  the  romponnd  nature  of  solar  light  be  shown  ?  In  what  respects 
do  thA  diffprnit  kind*  of  light  differ  from  ench  other?  Who  discovered  the  compound 
nature  cf  light?    What  l^a  prism  ?    Uovy  can  it  be  useo  to  decompose  light? 
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ence  from  the 
prism,  and  1  he  rays 
of  which  it  is  com- 
posed being  bent 
from  their  original 
course  unequally, 
will  be  Fcpaiatcd 
from  each  other, 
and  caui^ed  to  di- 
verjre.  In  corse- 
Vu  Decomposition  of  Light,  quence  of  this  di- 

ver<ience,  the  dif- 
ferently colored  rays  will  become  distinct,  and  be  beauti- 
fully d'splayed  if  a  screen  be  placed  to  receive  them.  The 
colored  rays  are  seven  in  number,  and  are  always  arranged 
in  the  same  order.  The  oblong  spot  of  colored  light  which  they 
form  is  called  the  solar  spectrum.  At  the  upper  end  of  the 
spectrum,  where  the  most  refracted  rays  fall,  the  color  is  violet; 
then  comes  the  indigo  ray,  the  blue,  green,  yellow,  orange,  and 
red,  wliich  is  refracted  the  least.  The  shape  of  the  spectnm 
depends  upon  the  shape  of  the  aperture ;  if  this  be  circular,  th» 
spectrum  will  be  bounded  laterally  by  vertical  straight  lines, 
and  at  the  ends  by  semicircles ;  its  breadth  is  always  equal  to 
the  diameter  of  the  aperture ;  its  length  varies  with  the  refract- 
ing angle  of  the  prism,  and  the  substance  of  which  it  is  made. 
As  in  the  original  beam  of  white  light,  the  various  colored  rays 
are  all  superimposed,  it  follows  that  if  the  spectrum  formed  be 
only  slightly  elongated,  in  consequence  of  the  feeble  refractive 
power  of  the  prism,  the  different  colors  will  overlap  each  other, 
be  more  or  less  blended,  and  none  of  them  will  present  a  clear 
and  decided  tint.  In  order  to  increase  the  brilliancy  of  the 
spectnim,  it  is  necessary  that  the  aperture  through  Mhich  ti.e 
light  is  admitted  should  be  very  small,  in  order  to  obtain  the 
finest  possible  beam  of  light,  and  then  that  the  screen  should  1  e 
placed  at  a  considerable  distance  from  the  prism,  so  that  the 
rays  may  not  strike  it  until  they  have  widely  diverged,  and  be- 
come completely  separated  from  each  other ;  in  this  manner  a 
spectrum  may  be  obtained  in  which  the  different  rays  will  dis- 
play clear  and  decided  tints  of  great  brilliancy  and  beauty. 
The  most  effective  mode  of  producing  this  result  ii  to  form  a 

Describe  the  no^itr  fipoctrum.  Whftt  is  Its  shapo  ?  IIow  can  It  be  dispkved  to  Um 
bust  ndv.intago?  Uow  may  the  brilliant  line  of  colored  li^Ut  produced  by  this  meant 
be  vrideoed  I 
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minute  image  of  the  sun  by  means  of  a  eonvex  lens,  and  allow 
the  light  which  proceeds  from  it  to  figdl  upon  a  screen,  pierced 
with  a  very  small  aperture.  The  light  which  passes  through 
this  aperture  may  be  considered  as  emanating  nearly  from  a 
physical  point,  and  the  OYerlapping  of  the  different  colors  is 
almost  entirely  prevented.  Another  cause  of  the  imperfect 
separation  of  the  different  rays  exbts  in  the  prism  itself.  Ordi- 
nary prisms  are  full  of  striae,  by  which  the  light  is  irregularly 
refracted,  and  the  different  colors  intermingled.  This  di.iiculty 
may  be  overcome  to  a  certain  extent  by  transmitting  the  rays 
as  near  the  edge  as  possible.  The  effect  <^  this  reduc.ion  in 
the  diameter  of  the  aperture  will  be  to  diminish  the  width  of 
the  spectrum,  and  reduce  it  to  the  form  of  a  mere  line  of,  light 
of  the  Qiost  brilliant  colors.  In  order  to  give  bread 'h  to  this 
line  it  is  necessary  to  convert  the  circular  aperture  into  an  ex- 
tremely narrow  slit,  formed  by  perfectly  parallel  knife  edges, 
only  a  very  small  fraction  of  an  inch  apart ;  a  spectrum  will 
thus  be  formed,  horizontal  and  rectangular,  having  its  upper 
edges,  as  well  as  its  sides,  paralleL  This  aiTangement  is  the 
one  best  adapted  for  making  accurate  observations  upon  the 
spectrum.  The  colored  spaces  do  not  occupy  an  equal  extent 
in  the  spectrum ;  the  violet  is  the  most  extended,  and  the  orange 
the  least ;  if  the  prism  be  of  flint  glass,  and  the  spectrum  be 
divided  into  three  hundred  and  sixty  equal  parts,  it  is  found 
thU  the  red  rays  occupy  forty-flve  of  these  parts,  the  orange 
twenty-seven,  the  yellow  forty-eight,  the  green  sixty,  the  indigo 
forty,  and  the  violet  eighty.  If  the  screen  on  which  the  spec- 
trum is  formed  be  perforated  opposite  any  of  the  colors,  as  the 
violet,  for  example,  a  small  beam  of  pure  violet  light  will  pass 
through,  which  may  be  examined  separate  from  the  others.  If 
this  beam  of  violet  I'ght  be  allowed  to  fall  on  a  second  prism, 
and  its  image  received  on  a  second  screen,  it  undergots  no 
decomposition  into  light  of  various  colors,  but  simply  producer 
a  spot  of  violet  light,  of  the  same  shape  as  the  incident  bt»am. 
This  beam  may  be  again  and  a^ain  refracted  by  prisma  and 
lenses,  but  it  will  undergo  no  further  change.  The  same  'n 
true  of  all  the  colors.  Hence  it  appears  that  the  different 
rays  of  the  spectrum  are  incapable  of  further  separation  in  o 
rays  of  different  colors,  by  subsequent  refraction,  and   tliat 

WbiU  will  be  tho  nhitpe  of  t^ie  Fpectrum  formed  by  knife  cdgen  ?  Do  the  dilTerent  colon 
occapy  the  Kime  spuco  in  the  mlar  upectrum ?  What  is  the  proportion?  Show  thnt  the 
di^rent  colors  are  not  suticeptible  of  further  decomposition.  Are  the  colors  confined  to 
one  part  of  the  epectrum  7  • 
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the  solar  spectrum  gives  us  the  uTtimate  analysis  of  white 
light.  From  these  and  other  experiments,  Sir  Isaac  Newton 
in  erred  that  white  light  is  composed  of  seven  colorific  ra^s; 
later  experiments  have  led  to  the  opinion  that  tlie  seven  colors 
of  the  spectrum  are  occas'oned  not  by  seven,  but  by  three 
simple  or  primary "  rays,  viz.,  blue,  yellow  and  red.  Thtse 
rays  are  concentrated  at  those  points  in  the  epecinim  w^here 
each  of  these  colors  appears  the  brightest,  but  each  color  is  in 
reality  spread  over  the  whole  spectrum,  forming,  with  the 
others,  a  variety  of  mixtures, — red  and  yellow  producing  the 
orange;  yellow  and  blue  the  green;  red  and  blue,  with  a  li(t!e 
yellow,  the  violet.  The  prismatic  colors  also  differ  in  their  illu- 
minating power ;  the  orange  illuminates  in  a  higher  degree  thsn 
the  red,  the  yellow  than  the  orange.  The  maximum  of  illumi- 
nation lies  in  the  brightest  yellow,  or  the  palest  green;  tejond 
the  full  deep  green,  the  illuminating  power  sensibly  dimini.  Jies ; 
the  blue  is  nearly  equal  to  the  red,  the  indigo  is  infeiior  to  ll  e 
bine,  and  the  violet  is  the  lowest  on  the  scale.  If  the  fcvcu 
colors  of  the  spectrum  be  received  upon  seven  distinct  minors, 
so  an-anged  as  to  reflect  them  all  to  one  point,  the  orig  nal  white 
light  of  the  solar  beam  will  be  reproduced. 

277.  The  number  of  vibrations  roqnirod  to  produce  f  bo  dif- 
ferent colors  of  the  solar  spoctmm.  According  to  the  undula- 
tory  theory  of  light,  the  average  length  of  a  wave  in  white  light 
U  estimated  at  y^J^y^  of  an  inch ;  in  red  light,  at  ^^J^ju  of  Rn 
inch;  in  violet,  at  ^^^^^^  of  an  inch.  The  ni-mber  of  vibia- 
tions  in  white  liglit  is  estimated  at  500,000,000,000,000  per 
second;  in  red  light,  at  482,000,000,000,000;  and  in  viokt 
light,  at  707,000,000,000,000. 

278>  The  heat  rays  of  the  solar  beam-  Besides  the  different 
kinds  of  light  of  which  the  sunbeam  consists,  it  also  contains 
rays  of  heat,  and  heat  of  different  kinds.  These  rays  of  heat 
are  distributed  through  the  spectrum,  and  are  not  comentiatcd 
at  one  point ;  consequently,  they  possess  different  refrangibili- 
ties,  and  are  distinguished  from  each  other  by  this  property. 
If  these  rays  of  heat  were  exactly  similar,  they  would  be  equal 
in  refmngibility,  and  be  all  collected  at  one  point,  after  passing 
tlirojgh  the  prism.  They  not  only  differ  in  refrangibility,  but 
also  in  heating  intennty,  in  the  same  manner  as  the  rays  of 

AccordiDjf  to  later  experiments,  of  how  many  coloru  Is  the  solar  spectnun  thovght  to 
con^Ut?  Where  \n  the  point  of  maximum  illuroinarion  situated  r--277.  >Vhat  is  th» 
length  of  a  wave  in  white  light?  In  red?  In  Yiolet?  What  are  the  numher  of  Ti>>ni 
tiouM  Sn^hfte  light?  In  red?  In  violet?— 278»  Show  that  there  are  different  kinds nf 
Ta>d  of  heat  in  the  solar  beam. 
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-light  differ  in  illuminating  power.  This  fact  was  first  observed 
by  Sir  W.  Herschel,  who  observed  that  in  viewing  the  sun  with 
Lirge  telescopes,  through  differently  colored  glasses,  he  some- 
times felt  a  strong  sen:^tion  of  lieat,  with  little  light ;  at.d  at 
other  times  he  had  a  strong  light,  wilh  little  heat.  His  experi- 
ments were  made  by  transmitting  a  solar  beam  through  a 
prism,  re3eiving  the  spectrum  on  a  table,  and  placing  the  bulb 
of  a  very  delicate  thermometer  in  different  parts  of  if.  The 
thermometer  was  found  to  stand  at  different  points  in  tife  differ- 
ent rays ;  thus,  if  in  the  blue  rays,  it  marked  56° ;  on  moving 
it  down  to  the  yellow  rays,  the  instrument  indicated  a  temp<  r;»r 
ture  of  62° ;  while  at  the  lower  end  of  the  spectrum,  at  the 
extremity  of  the  red  rays,  the  temperature  was  found  to 
be  as  high  as  79°,  i.  e.,  23°  higher  than  in  the  blue  rays.  It 
wa^  also  observed  that  not  only  the  red  was  the  hottest  ray,  but 
that  there  was  a  point  a  little  beyond  the  red,  altogether  out  of 
the  spectrum,  where  the  thermometer  stood  higher  than  in  the 
red  itself.  The  moit  iuten  e  heat  was  always  beyond  the  red 
ray,  where  there  wa^  no  Tght  at  all,  an  1  the  heat,  in  all  the  ex- 
periments, was  found  to  diminish  proTjressively,  from  the  red  to 
the  violet,  where  it  was  least.  These  invi  ible  rays  of  heat 
M'ere  found  to  exert  a  very  considerable  effect  at  a  point  1  ^ 
inches  below  the  extreme  red  ray,  even  though  the  thermome- 
ter was  placed  at  a  distance  of  52  inches  from  the  prism.  O  her 
experimenters  have  placed  the  point  of  maximum  heat  within 
the  red  mys ;  and  the  point  is  found  to  vary  with  the  material  of 
which  the  prism  is  made.  With  a  prism  of  rock  salt,  Melloni 
suc^eded  in  separating  the  point  of  maximum  temperature  to 
a  much  greater  distance  from  the  colored  parts  of  the  spectrum 
thin  had  previou  ly  been  done.  On  moving  the  thermometer 
below  this  point,  it  was  found  that  the  rays  of  heat  extended  a 
considerable  dbtance  below  the  colored  parts  of  the  spectrum. 
The  conclusion,  therefore,  is  irresistible,  that  there  are  in  the 
solar  beam  invisible  rays  of  heat,  of  different  refrangibilities,  and 
80  much  less  refrangible  than  the  light  that  the  central  ray  falls 
considerably  below  the  lower,  or  red  end  of  the  spectrum.  The 
shape  of  the  thermal  spectrum  does  not  coincide  with  that  of 
light,  but  is  curiously  discontinuous,  consisting  of  several  dis- 
tinct parts,  and  forming  at  the  lower  end  three  round  spoto,  B, 
c  and  D ;  see  spectrum  of  heat.  Fig.  106. 

When  Is  tho  point  of  ronxiiiiTini  heat?  IIow  was  this  determined?  What  efIiM*t  has 
the  nature  of  the  prism  oa  the  point  of  matimnm  heat?  What  is  tho  sliape  of  tU« 
thennal  spectrum  ? 
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279-  The  chemical  rajrs  of  the  eolmr  beam*  It  has  long 
been  known  that  the  light  of  the  sun  possesses  extraordinary 
chemical  power;  the  di-chloride  of  mercury,  or  calomel,  and 
the  chloride  of  silver,  commonly  called  lunar  caustic,  are  black- 
ened ;  transparent  phosphorus  becomes  opaque ;  and  the  color- 
ing principles  of  vegetable  origin  are  destroyed,  by  its  action. 
Solar  light  will  also  produce  the  instantaneous  combination  of 
the  two  gases,  chlorine  and  hydrogen.  On  the  other  hand,  it 
confers*  upon  the  green  cells  of  the  leaves  of  plants  the  power 
of  decomposing  carbonic  acid ;  and  it  has  also  a  wonderful  influ- 
ence in  producing  the  green  cells  of  plants.  This  chemical 
energy  is  not  concentrated  at  any  one  point  in  the  spectrum,  but 
is  extended  through  several  of  the  colored  rays,  and  outside  of 
them  above  the  violet ;  whence  we  conclude  that  there  are  dif- 
ferent kinds  of  chemical  rays  in  the  solar  beam,  distinguished 
from  each  other  by  a  difference  in  refrangibility,  just  as  there 
are  different  kinds  of  heat,  and  different  kinds  of  light  The 
point  of  maximum  chemical  effect  does  not  correspond  with  the 
maximum  point  for  light,  nor  with  the  maximum  point  for  heat, 
but  is  found  at  the  violet,  or  upper  end  of  the  spectrum.  Figs, 
103  and  104-  Scheele  noticed  that  the  effect  of  the  violet  rays 
upon  the  chloride  of  silver  is  more  perceptible  than  that  of  the 
other  rays.  Dr.  Wollaston  ascertained  that  the  greatest  effect  is 
produced  just  outside  of  the  violet  rays.  The  spot  next  in  enei^ 
is  the  violet  itself,  and  the  effect  gradually  diminishes  in  advanc- 
ing to  the  green,  beyond  w^hich  it  seems  to  be  wholly  wanting. 
Kitrale  of  silver  placed  in  the  red  rays  is  not  blackened  at  all. 
The  chemical  rays  are,  therefore,  more  refrangible  than  tho  e 
of  light,  in  consequence  of  which  they  are  dispersed  over  the 
blue,  indigo,  and  violet  spaces,  and  even  extend  a  considerable 
distance  outside  of,  and  above  this  end  of  the  spectrum ;  they 
are  of\en  called  actinic  rays.  It  is  also  said  that  other  rays 
have  been  diswvered  in  the  spectrum  which  do  not  exercise 
any  chemical  action  of  themselves,  but  have  the  property  of 
continuing  it  when  once  commenced ;  they  are  thought  to  ex* 
tend  from  the  indigo  beyond  the  violet,  and  are  called  phosphoro- 
genic  rays.  They  are  so  named  because  they  are  believed  to 
be  the  rays  which  are  absorbed  by  the  substances  called  phos- 
phorescent, already  described,  and  being  emitted  again  when 

279,  Oirs  some  llluatnitions  of  the  chomlcal  efflecfc  of  th«  sun's  rays.  Is  ttils  ebcnilcal 
Cfnorgy  ooncentratiM)  at  one  polat  \n  the  spectrum  ?  Are  there  different  kinds  of  clwoU* 
cal  rays?  In  yrhaX  respect  do  thoy  dlSior?  Where  is  the  point  of  maximum  eflect? 
What  are  phospUorogenlo  rays  ?    Wb&t  Ss  the  shape  of  tUe  chemical  spectrum  7 
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these  bodies  are  carried  into  the  dark,  constitttte  the  phenomena 
of  phosphorescence.  Some  experiments  of  Sir  John  Herschel 
seem  to  show  that  the  shape  of  the  chemical  spectrum  is  not 
the  same  as  that  for  light,  and  is  also  discontinuous,  like  that  of 
heat,  consisting  of  a  broad  band  between  the  orange  and  the 
yellow,  then  omitting  the  yellow,  commencing  again  at  the  green 
ray,  and  continuing  far  above  the  upper  end  of  the  violet, 
gradually  tapering  to  a  blunted  point.     See  I^g.  106. 

280»  The  r^n^  of  the  chemical  rayi  in  the  lolar  spectrum. 
— X^mprercoTice.  The  invisible  rays  extend  beyond  the  violet 
extremity  of  the  spectrum  for  a  distance  nearly  equal  in  length 
to  twice  that  of  the  luminous  portion ;  but  in  the  electric  light 
obtained  by  the  ignition  of  charcoal  points,  the  invisible  spec- 
trum can  be  traced  nearly  six  times  as  far;  Figs.  104  and  106. 
On  transmitting,  however,  these  invisibly  rays  through  certain 
subitauces,  sudi  as  a  solution  of  sulphate  of  quinine,  the  de- 
coction of  the  bark  of  the  horse  chestnut,  tincture  of  chlorophyll, 
&c,  the  rays  become  visible  in  consequence  of  a  diminution  of 
their  refrangibility.  Thus,  if  a  tube,  filled  with  a  solution  of 
sulpliate  of  quinine,  be  placed  in  the  invisible  rays,  entirely 
outside  of  the  spectrum,  and  above  the  violet  rfiy,  a  ghastlike 
gleam  of  blue  light  will  shoot  directly  through  the  tube,  and  on 
examining  the  blue  light  thus  obtained,  it  is  found  to  contain 
rays  of  much  less  refrangibility  than  the  violet,  and  not  much 
exceeding  those  of  the  green  ray.  The  explanation  of  this 
singular  effect  is,  that  the  invisible  rays  have  had  their  refrangi- 
bility ri'duced  by  passing  through  the  quinine,  and  on  emerg- 
ence, possess  the  refrangibility,  color,  and  other  properties  gf 
the  colored  rays  of  the  upper  part  of  the  spectrum ;  in  other 
words,  the  invisible  rays  have  been  absorbed  and  re-radiated 
in  a  condition  of  lower  refrangibility,  such  as  ordinarily  pro- 
duces the  impression  of  blue  light.  According  to  the  undula- 
tory  theory  of  light,  the  rate  of  nndulation,  or  the  number 
of  vibrations  per  second  which  produces  the  invisible  rays, 
is  reduced  by  transmission  through  the  sulphate  of  quinine, 
aid  when  they  issue  again,  they  possess  only  the  number 
of  vibrations  which  produces  blue  light.  This  change  of  re- 
frangibility is  not  limited  to  the  invisible  rays  outside  the  lumi- 
nous spectrum,  but  can  be  accomplished  also  in  the  case  of  the 
visible  and  colored  rays.    In  every  case,  the  altered  rays  are 

280.  How  flur  do  the  chemlcnl  rays  extencl  Above  the  violet  ?  Whiit  l<i  the  effect  of  a 
lolutioo  of  quinine  on  the  inviaible  chemical  Ftt>>8  ?  Kxplain  flaorescenoe.  SM«  what 
is  meant  by  the  deffmdation  of  li^ht? 

a* 
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changed  into  those  which  are  less  refrangible,  and  the  change  is 
never  to  rays  of  greater  refrangibility.  This  singular  change 
of  refrangibility  has  received  the  name  of  the  degradatitn  of 
light,  and  is  analogous  to  the  change  of  refrangibility  produced 
in  rays  of  heat  when  they  are  absorbed  by  certain  substances, 
constituting  another  point  of  resemblance  between  these  two 
chemical  agents.  Bodies  which  have  the  power  of  effecting  it 
are  caWedj^uorescent,  from  fluor  spar. 

281.  The  triple  character  of  lolar  li^ht.  A  beam  of  f  o^ar 
light  is  therefore  composed  of  three  distinct  Forts  of  rays,  viz., 
the  heating,  the  illuminating,  and  the  chemical,  and  hence  is 
capable  of  producing  three  different  kinds  of  effects:  ffist,  the 
effect  of  heat ;  second,  that  of  light ;  third,  that  of  chemical  in- 
fluence. In  a  beam  of  natural  sunlight,  the  different  rays  are,  as  it 
were,  intertwined,  like  the  triple  strands  of  a  cord,  and  their 
influence  is  exerted  at  one  and  the  same  spot ;  but  if  transmit- 
ted through  a  prism,  they  are  separated,  in  consequence  of  the 
difference  in  their  refrangibility,  and  their  maximum  influence 
is  manifested  at  three  distinct  points.     This  is  clearly  phown  ih 


Fig.  104. 


Fig.  104,  in  which  the 
ray  of  sunlight,  fl,  by 
the  refraction  of  the 
prism,  is  elongated  so  as 
to  extend  from  c  to  b. 
The  rays  of  heat  being 
less  refrangible  than 
those  of  light,  exhibit 
their  maximum  eflTect  at 
H,  below  the  red  rays, 
while,  however,  their 
general  influence  extends 
from  i  to  V,  or  to  the  up- 
per end  of  the  illumina- 
ting rays.  The  ch<  mical 
rays,  on  the  other  hand, 
being  more  refrangil  le 
than  those  of  light,  exhibit  their  maximum  effect  at  C,  a  point 
considenibly  above  the  most  refrangible  of  the  illuminating 
rays,  while  their  general  influence  extends  from  c  to  R.  The 
illuminating  rays  extend  from  v  to  R,  and  the  maximum  effect 


Unequal  refranstffnVti/  of  the  Cffiemiral,  JJlvmina- 
ting  and  Heating  Rays  in  the  Solar  Beam. 


281.  ProvA  the  triple  chamctor  of  dolAV  light.    Why  Kn  the  ibci  of  a  leas  fitf  Ugt)t, 
Jicai,  and  cbemical  effect,  not  found  at  the  aamo  point  ? 


Digitized  by  VjOOQ IC 


DISSECTION    OP  261 

Fig.  106. is  exerted  at  y,  while,  within  the  same 

limits,  a  certain  amount  of  heating  and 
chemical  influence  is  also  di.^played. 
From  this,  it  is  evident,  that  the  solar 
beam  is  possessed  of  a  triple  nature,  and 
exerts,  wherever  it  falls,  three  distinct 
sorts  of  influence.  On  account  of  the 
different  refrangibilitj  of  these  three  sorts 
ThedifFere  t¥  f  H  ^^  "^^'  ^^  ^  bc»m  of  solaT  light  bc  traus- 
LihiMTchanuai  B^.  mitted  through  a  lens,  they  will  not  all 
be  concentrated  at  the  same  focus,  the 
chemical  rays  being  the  most  refrangible,  will  have  tlieir  focus 
at  a  point  c,  nearer  the  lens  than  the  focus  for  light,  l,  while 
ths  rays  of  heat  will  be  collected  at  the  point  h,  more  remote 
from  the  lens  than  the  focus  for  light ;  Fig.  105.  It  follows 
from  this,  that,  if  the  greatest  chemical  effect  of  the  sun's  rays  be 
desired,  the  object  must  be  placed,  not  in  the  illuminating:  focus, 
but  a  little  nearer  to  the  lens ;  if  the  greatest  heating  effect  of 
the  sun's  rays  be  sought,  the  object  must  be  placed  a  liitle  far- 
ther from  the  lens  than  the  focus  for  light.  In  order  to  form 
a  correct  idea  of  the  solar  spectrum,  it  is  necessary,  also,  to 
bear  in  mind  that  the  different  spectra  are  not  all  continuous 
nor  possessed  of  the  same  shape.  In  Fig*  106,  this  disconti- 
nuity, as  well  as  the  relative  extent  of  the  different  spectra,  and 
the  points  of  maximum  intensity,  are  well  represented,  together 
with  the  fixed  dark  lines  crossing  the  spectrum  at  right  angles, 
which  are  presently  to  be  described.  It  will  be  observed  that 
in  the  spectrum  for  light,  the  maximum  point  of  illumination  is 
in  the  yellow  ray,  and  that  the  fluorescent  rays  extend  a  con- 
siderable distance  above  the  upper  end  of  the  violet  ray.  In 
the  spectrum  for  heat,  the  shape  is  peculiar,  and  the  effect  at 
the  lower  part  limited  to  the  four  round  spaces,  a  b  c  D  while 
'the  point  of  maximum  intensity  is  considerably  below  the  yel- 
low, at  the  extreme  end  of  the  red  ray.  In  the  spectrum  of 
chemical  rays,  the  point  of  maximum  intensity  is  outside  the 
violet  ray,  and  the  continuity  of  the  spectrum  is  also  broken. 
In  the  case  of  Fraunhofer's  lines,  it  will  be  noticed  that  they 
have  been  traced  a  considerable  distance  outside  of  the  illumi- 
nating rays  of  the  spectrum,  in  both  directions,  above  the  vio- 
let, and  below  the  red.  In  the  spectrum  formad  by  the  solar 
beam,  these  spectra  are  not  separated  from  each  other,  as  in  the 

What  Is  their  poeition  in  ro&renoe  to  the  lens  ?    Deecribe  Fig.  106.  . 
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Bays 


^    Light 


ExM 


^'^^'  ^^^'  figure,  but  are  superim- 

posed; and  in  the  cas^ 
of  any  unrefracted  polar 
beam  passing  through  d 
circular  aperture,  into  a 
darkened  room,  are  all 
intertwined,  and  concen- 
trated in  the  small  round 
spbt  of  light  produced. 

2d2.  The  flpectm 
wtednoed  bv  artificial 
light  and  cfilored 
flamei.  If  artificial 
light,  emanating  from 
dllfferent  luminous  bod- 
ies, be  transmitted 
through  a  prism,  it  is 
decomposed  in  the  same 
manner  as  the  solar 
beam,  and  a  spectrum  is 
formed,  consisting  of  the 
various  colors  which  pro- 
duce white  light,  but 
never  in  the  same  rela- 
tive intensity  and  pro- 
portions in  which  they 
appear  in  the  solar  spec- 
trum. The  color  which 
predominates  in  the 
artificial  light,  predominates  in  its  spectrum ;  a  red  flame  pro- 
duces a  spectrum  in  which  the  prevailing  hue  is  red ;  a  blue 
flame  a  spectrum  in  which  it  is  blue.  If  the  flame  be  a  pure 
re<l  or  blue,  the  spectrum  will  present  a  continuous  band  of  a  • 
red  or  blue  color.  There  is  no  artificial  light  which  is  not  defi- 
cient in  gome  of  the  elements  of  solar  light.  Colored  artificial 
flames  may  be  produced  by  placing  the  salts  of  diflerent  metals 
in  the  flame  of  an  alcohol  lamp,  or  gas  burner,  and  the  peculiar 
colors  imparted  have  long  been  used  by  chemists  as  indications 
of  the  presence  of  these  metals ;  thus  a  yellow  flame  is  caused 
by  the  salts  of  sodium ;  a  violet  flame  is  produced  by  those  of 
potassium ;  lithium  and  strontium  salts  give  a  red  flame,  and 

2S2.  Can  artificial  light  be  decompoMd?    Does  the  spectnim  formed  differ  from  that 
of  the  sun  ?    Can  metals  be  detected  by  the  color  they  Impart  to  flamea  T 
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The  Light,  Htat^  and  Chemical  Hays,  and  the  Dark 
Litus  of  the  Solar  Beam.. 
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Fig.  107. 


§ 


tlie  salts  of  barium  tinge  the  flame  green.  The  value  of  these 
colored  flames,  as  a  means  of  detecting  the  metals,  is  diminished 
when  several  of  these  metals  are  present  at 
once,  because  the  color  produced  by  one  meial 
obscures  that  produced  by  another,  though  I  his 
ditficultj  may  be  in  part  removed  by  the  use  of 
coloied  glasses,  or  liquids,  through  which  the 
flame  is  observed.  If,  however,  these  colored 
flames  be  subjected  to  the  action  of  a  pi-ism, 
and  the  spectrum  formed  be  examined  by  a 
powerful  telescope,  certain  characteristic  pecu- 
liarities may  be  observed  which  make  this  the 
most  delicate  means  of  qualitative  analysis  yet 
discovered. 

283.  The  solar  spectrum  not  continnonsy 
but  crossed  by  fixed  dark  lines*— Fraunhofer  s 
lines*  The  solar  spectrum  not  only  contains 
heating  and  chemical,  as  well  as  illuminating 
rays,  but  also  exhibits,  when  carefully  exam- 
ined, a  great  number  of  dark  lines,  crossing  the 
spectrum  at  right  angles  to  the  order  of  the 
colors,  and  always  occupying  the  same  relative 
positions.  In  other  words,  the  solar  spectrum 
is  not  continuous,  but  is  separated  into  a  great 
number  of  portions,  of  unequal  size,  by  dark 
lines  of  division,  in  which  there  is  no  light. 
That  these  dark  lines  indicate  the  absence  of 
light,  is  shown  by  their  want  of  blackening 
effect,  and  their  correspondence  with  the  inactive 
spaces  which  are  observed  when  a  photograph 
is  taken  of  the  solar  spectrum.  These  lines 
were  first  noticed  by  Dr.  WoUaston,  in  1802, 
on  transmitting  solar  light  through  a  very  nar- 
row slit,  and  viewing  it  directly  by  the  eye 
placed  immediately  behind  the  prism.  In  181 5, 
Fraunhofer,  a  distinguished  optician,  of  Munich, 
examined  the  solar  spectrum  thus  produced  by 
a  lens,  and  ascertained  the  existence  of  nearly 
600  dark  lines ;  of  these  he  published  an  accu- 
rate map,  selecting  seven,  on  account  of  their  distinctness,  and 
the  ease  with  which  they  may  be  recognized,  and  distinguishing 

283.  By  what  is  the  continuity  of  the  Bohuc  ppectnim  broken  ?    Docribe  FraoDhofor^s 
Hum.    Do  tbey  extend  beyond  the  Umlts  of  the  Tuible  ipectrum  ? 
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Fig.  108. 


\B 


them  by  the  lelters  B,  c,  d,  e,  f,  g  and  H.  They  have,  since 
hia  time,  been  ascertained  not  to  be  confined  to  the  colored  |iarts 
of  tlie  spectrum,  but  to  extend  beyond  the  violet  ray,  and 
through  the  whole  of  the  space  occupied  by  tlie  chemical  ravs. 
Tliese  lines  ai*e  represented  in  Fig,  107,  and  are  known  by  the 
name  of  Fraunhofer's  lines.  B  is  in  the  red  space,  near  its 
outer  end ;  c  which  is  broad  and  black,  is  beyond  tlie  middle 
of  the  red ;  D  is  in  the  orange  and  is  a  strong  double  line,  the 
two  lines  being  nearly  of  the  siime 
size  and  separated  by  a  bright  one ; 
£  is  in  the  green,  and  consists  of  sev- 
eral lines,  the  middle  one  being  the 
strongest ;  F  is  in  the  blue,  and  is  a 
very  strong  line ;  G  is  in  the  indigo, 
and  II  in  the  violet.  Between  b  and 
c,  there  are  9  lines ;  between  c  and 
D,  there  are  30 ;  between  D  and  e, 
there  are  84 ;  between  e  and  f,  56 ; 
between  f  and  g,  185 ;  and  between 
G  and  II,  190.  In  order  to  obferve 
them,  the  sun's  light  must  be  admit- 
ted through  a  narrow,  vertical  slit,  o, 
into  a  darkened  room,  and  allowed  to 
fall  upon  a  prism,/?,  placed  with  itsaxis 
parallel  to  the  slit.  Fig.  108,  and  at 
a  distance  of  about  24  feet  from  it. 
The  prism  is  fixed  before  the  object- 
glass  of  a  telesC^ope,  /,  in  such  a  position 
that  the  angle  formed  by  the  incident 
ray  with  the  first  face  of  the  prism,  is 
equal  to  that  formed  by  the  refracted 
ray  with  the  second  face ;  fo  that  the 
position  of  tl\^  prism  is  that  in  which 
the  light  is  subjected  to  the  minimum 
amoimt  of  di.-persion.  These  lines 
are  always  found,  whatever  be  the 
solid  or  liquid  medium  u?ed  in  the  construction  of  the  pri^m, 
and  whether  its  refracting  angle  be  great  or  small,  and  under 
all  circumstances  they  always  preserve  exactly  the  same  rela- 
tive position  in  the  respective  colored  spaces  in  which  they  occur. 
The  line  B,  for  instance,  is  always  found  at  the  same  relative 

How  can  Umm  line*  be  best  obflerred?    Wbat  is  thdr  number?    How  can  they  be  dto- 
(^yaed  upon  a  screen^.  -  __        _ 


Jnstniment  for  viewing  Fraun- 
hoftr^i  Una. 
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distance  from  the  extremity  of  the  red  space  in  the  spectrum, 
whatever  the  material  of  which  the  prism  is  made.  These 
lines  differ  very  much  in  appearance ;  some  are  extremely  fine, 
and  are  hardly  visible ;  others  are  very  near  each  other,  an  I 
resemble  a  cloud,  rather  than  distinct  lines;  and  there  are 
some  which  seem  to  possess  a  perceptible  breadth.  Frauj- 
hofer  counted  590  lines;  but  Sir  D.  Brewster  has  since  ex- 
tended the  number  to  2000.  These  lines  indicate  the  ab-^nce 
in  the  solar  beam  of  rays  of  certain  refrangibilities,  and  the 
reason  that  they  do  not  appear  in  the  spectrum  as  ordinarily 
formed,  is  the  superposition  of  spectra,  which,  in  the  more  per- 
fect spectrum  of  Frannhofer,  does  not  exist.  The  greater  the 
elongation  of  the  spectrum,  and  the  more  widely  tiie  colored 
spaces  are  separated,  the  more  distinct  do  these  lines  become. 
If  it  be  desired  to  throw  the  spectrum  upon  a  screen,  it  may  be 

done  by  the  arrangement 
shown  in  Fig.  10 J.  It 
has  been  found  that  all 
light  proceeding  directly 
from  the  sun,  or  indirect- 
ly from  it  by  reflection, 
su(!h  as  the  light  of  the 
inoon  and  the  planets,  and 
t!ie  light  reflected  from 
the  clouds  and  the  rain- 
bow, gives  a  spectrum 
It  is  a  point  of  great  interest 


Fraunhofer'^s  Lines  displayed  upon  a  Screen. 


crossed  by  lines  exactly  identical. 

to  determine  the  cause  of  these  dark  breaks  in  the  continuity 
of  the  solar  spectrum.  The  spectra  produced  by  the  light  of 
Sirius,  Castor,  and  other  fixed  stars,  are  also  all  crossed  by 
black  lines,  but  different  from  each  other,  and  from  the  sun, 
thoui^h  in  nearly  all,  some  of  the  most  important  black  lines 
found  in  the  solar  spectrum,  are  seen.  Thus,  in  Procjon,  the 
double  line,  D,  is  found;  and  in  Capella  and  Beltegeux,  the 
lines  D  and  b,  Arcturus,  Aldebaran,  ^  Pegasi,  and  6  Virginis 
are  particularly  remarkable  for  the  strength  and  number  of  the 
lines  by  which  their  spectra  are  crossed. 

28ft.   feectm  produced  by  the  lifirht  of  the  Nebiil».  and  by; 
artificial  llghty  are  crossed  by  brig>nty  instead  of  darky  Iines< 
While,  however,  the  spectra  of  the  sun  and  the  fixed  stars  are 
found  to  be  crossed  by  black  lines,  it  is  a  singular  fact  that  the 

What  kind  of  lines  are  formed  In  the  spectra  of  the  moon,  and  the  planetn  ?    Of  the 
fixed  Stan?— 284.  ^Vhat  kind  of  lines  in  the  iq>ectra  of  the  Nebube  ?    Of  artificial  lights? 
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spectra  of  the  Nebulae,  in  the  heavens,  are  crossed  by  bright^  in- 
stead of  dark  lines ;  and  this  is  also  the  ca<e  with  the  spectra 
produced  by  the  various  sources  of  artificial  light,  by  the  elec- 
tric light,  by  gas,  oil,  alcohol,  and  hydrogen.  The  spectrum  of 
the  electric  light  gives  a  very  bright  line  in  the  green  ray ;  those 
of  hydrogen,  alcohol,  and  oil,  give  two  extremely  bright  lines  in 
the  red  and  orange.  The  spectra  furnished  by  colored  fiames, 
produced  by  the  introduction  of  different  substances  into  the 
flame  of  an  alcohol  lamp,  give  lines  of  various  degrees  of  color 
and  brightness  scattered  through  the  whole  spectrum. 

285.  Spectmm  Analysis.  These  bright  lines  are  simply 
rays  of  light  of  different  degrees  of  refrangibility,  and  of  a  color 
peculiar  to  itself,  emitted  by  each  element,  when  intensely  heate<L 
These  rays  are  mingled  with  the  rays  that  form  the  beam  of  light 
pioceeding  from  the  flame  in  which  the  element  in  question  is 
ignited,  and  are  ordinarily  indistinguishable ;  but  if  this  beam  be 
passed  through  a  narrow  slit  and  directed  upon  a  prism,  the  rays 
of  different  refrangibility  and  color  are  separated  fiom  each  other, 
and  those  proceeding  from  the  ignited  element  make  their  appear- 
ance in  the  form  of  narrow  bright  spaces  or  lines  crossing  the 
spectrum  at  right  angles  to  its  length.  The  examination  of  the 
spectra  of  ignited  substances  constitutes,  therefore,  a  new  method 
of  chemical  analysis.  All  that  is  necessary  is  that  the  substance 
should  be  heated  to  the  degree  at  which  it  is  vaporized,  and  this 
vajK)r  made  luminous.  The  light  proceeding  from  an  ignited  solid 
body  un vaporized  like  the  light  of  perfectly  pure  carbon  points 
of  tlie  battery,  produces  only  a  continuous  spectrum,  not  crossed 
eii  her  by  bright  or  dark  spaces.  Many  of  the  metals  can  be  made 
to  give  their  characteristic  lines,  if  heated  in  the  flame  of  an  ordi- 
nary chemical  gas  burner ;  but  most  of  them  require  the  intense 
heal  of  the  electric  spark,  derived  either  from  the  galvanic  battery, 
or  from  Ruhmkorff*s  coil,  an  instrument  to  be  described  hereafter. 
1  he  spark,  in  passing  between  two  points  of  the  metal  in  ques- 
tion, volatilizes  a  small  portion,  and  heats  it  so  intensely  as  to 
enable  it  to  give  off  its  peculiar  light.  The  permanent  gases 
also  yield  characteristic  spectra  if  a  discharge  from  a  powerful 
Kuhmkorff's  coil  be  passed  through  them.  Thus,  if  the  spark 
be  passed  through  an  atmosphere  of  hydrogen,  the  light  emitted 
is  bright  red,  and  its  spectrum  consists  of  one  bright  red,  one 
green,  and  one  blue  line,  while  in  nitrogen,  the  light  is  purple, 

2%.  What  effect  Is  produced  upon  the  lines  In  the  spectra  of  artificial  light  bj  Ignited 
mrtals  ?  In  the  power  of  prodaclng  characteristic  Ilnejt  in  the  spectrom  confined  to  the 
mftalH?  Can  the  gases  be  m^de  to  giro  characteristic  lines?  llow  can  we  trace  tha 
lioetf  be>'ond  the  limits  of  the  viaible  spectrum? 
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and  the  position  of  the  lines  entirely  different.  When  a  com- 
pound gas,  or  vapor,  is  ignited  by  the  electric  spark,  the  spectra 
produced  are  those  of  the  elementary  components  of  the  gas. 
At  these  intense  temperatures,  chemical  combination  seems  to 
be  impossible,  and  the  varions  elements  are  able  to  coexist  in  a 
separate  form,  mechanically  intermingled.  If  photographs  of 
these  spectra  be  taken,  the  impression  obtained  contains  ail  the 
lines  characteristic  of  the  elements  in  question.  The  photo- 
graph being  produced  by  the  chemical  and  extra  violet  rays, 
give:^  a  spectrum  which  extends  much  beyond  the  limits  of  the 
violet  ray,  and  contains  lines  not  seen  when  the  spectrum  is 
viewed  through  the  telescope;  see  Fig.  107.  The  minute-t 
quantities  of  the  different  elements,  if  ignited,  w'll  give  the 
characteristic  lines  with  perfect  distinctness,  and  if  several  ele- 
ments happen  to  be  contained  in  the  same  flame,  the  lines 
peculiar  to  each  are  as  plainly  seen  as  they  would  have  lx?en 
had  no  others  been  present.  Sodium  gives  a  single  or  double 
line  of  yellow  light  in  a  position  corresponding  to  that  of  the 
orange  rays  in  the  solar  spectrum.  Potassium  gives  a  red  line 
in  the  red  end  of  the  spectrum,  and  a  violet  line  at  the  violet 
end.  Lithium  gives  a  dark  spectrum,  with  on!y  two  bright 
lines,  one  a  pale  yellow,  corresponding  to  the  yellow  portion  of 
the  spectrum;  the  other  a  bright  red,  in  the  red  end  of  the 
spectrum.  Strontium  presents  eight  characteristic  bnght  lines. 
Calcium  gives  one  broad  green  band,  and  one  bright  orange 
band,  besides  several  smaller  orange  lines.  IMessrs.  KirchhofT 
and  Bunsen,  to  whom  we  are  indebted  for  the  first  investigation 
of  this  subject,  state  that  the  amount  of  sodium  which  can  *be 
detected  in  this  manner  need  not  exceed  the  190,000,000th 
part  of  a  grain;  of  lithium,  the  70,000,000th  part;  of  po'as- 
slum,  the  60,000th  part  of  a  grain ;  bromine  the  same ;  stron- 
tium, the  1,000,000th;  calcium,  the  100,000,000th  part  of  a 
grain.  The  yellow  line  of  sodium.  No.  3,  Fig,  111,  is  always 
found,  whatever  be  the  kind  of  light  employed.  This  is  owing 
to  the  extensive  diffusion  of  this  element  in  the  atmosphere, 
and  its  presence  in  every  substance  which  has  been  exposed  to 
the  ahr  for  however  short  a  time.  Lithium,  which  was  form- 
erly supposed  to  be  contained  in  only  four  minerals,  by  the  aid 
of  spectrum  analysis,  has  been  observed  in  almost  all  spring 
waters,  in  tea,  tobacco,  milk,  and  blood,  but  exbting  in  such 

State  the  ebaracteristio  linee  of  sodium.    Potasirium.    Lithium.    Strontium.    Calci- 
um.    IIow  minute  a  quantity  of  each  can  thus  be  detected  ? 
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minute  quantities  as  to  have  eluded  detection  by  the  less  deli- 
cate methods  of  analysis. 

206.   The  SpectroBcope.    The  instrument  used  in  these  re- 
Bearches  is  called  the  Spectroscope,  Fig.  110.    It  consists  of  a 

Fig.  110. 


E^- 


2%e   Spettroseope. 

prism,  p,  mounted  vertically  upon  a  firm  iron  stand,  p,  and  a 
tube.  A,  carrying  a  lens  at  the  end  nearest  the  prism,  and  at  the 
other  extremity  having  a  very  fine  vertical  slit  tor  the  admission 
of  the  light  The  width  of  this  slit  can  be  repulat<^d  by  the 
small  screw,  e.  The  stand,  s,  carries  a  sliding  rod,  which  sup- 
ports the  substance  to  be  analyzed,  in  the  fiame  ot'  the  gas 
burner,  e.  This  burner  is  placed  oppoite  one  half  of  the  slit, 
and  its  light  passes  directly  down  the  tube  to  the  prism;  oppo- 
site the  other  half  of  the  slit  is  placed  a  small  rectangular  pri:  m, 
the  object  of  which  is  to  reflect  the  light  proceeding  from 
some  other  source,  as  the  sun,  or  any  artificial  light,  D,  ah^o 
down  the  axis  of  the  tube.  By  this  arrangement,  spectra,  pro- 
ceeding from  two  different  sources,  are  formed,  one  above  the 
other,  and  can  readily  be  compared,  so  as  to  decide  wheiher 

2B6.  Deaeribe  the  Spectroaeope.— 287.  What  new  SMtak  IwTe  b«en  dl«co?ered  t 
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their  lines  coincide,  or  differ.  The  light  having  been  refracted 
by  the  prism,  is  received  by  the  telescope,  b,  and  the  image  of 
the  spectrum  magnified  before  reaching  the  eye.  Tlie  telescofie 
is  movable  in  a  horizontal  plane,  upon  tlie  tripod,  and  can  be 
adjusted  so  as  to  observe  every  part  of  the  spectrum  formed  by 
the  prism.  The  tube,  c,  contains  a  lens  at  the  extremity  near- 
est the  prism,  and  at  the  other,  a  scale  formed  by  transparent 
lines  on  au  opaque  ground ;  this  tube  is  adjusted  in  such  a  way 
tliat  a  light  being  placed  at  the  open  extremity,  the  image  of 
tlie  scale  is  reflected  by  the  prisin  into  the  telescope,  b,  for  the 
purpose  of  reading  off  the  position  of  the  bright  and  dark  lines 
of  the  spectrum,  as  both  will  appear  simultaneously  placed  side 
by  side  in  the  field  of  the  telescope.  When  the  instrument 
is  used,  stray  light  is  excluded  by  covering  it  with  a  loo>e  black 
cloth.  The  dispersion  of  the  spectrum  may  be  much  increased 
by  using  several  prisms  instead  of  one.  The  prism  is  some* 
times  nuule  hollow,  and  filled  with  bi-sulphide  of  carbon. 

2B7.  The  new  matals  discorered  by  Bpectrvin  analysis* 
In  the  course  of  his  researches  upon  the  bright  lines  in  the 
spectra  produced  by  the  alkalies,  the  German  chemist,  Bunsen, 
ob;erved  several  lines  which  could  not  have  been  produced  by 
them,  and  which  led  him  to  su?pect  the  existence  of  a  new 
m  ?tal.  On  evaporating  40  tons  of  the  mineral  waters  of  Durck- 
heim  and  Baden,  he  obtained  105  grains  of  the  chloride  of  a 
new  metal,  which,  on  being  introduced  into  the  spectroscope, 
gave  two  splendid  violet  lines,  and  is  called  CaB^^ium,  from 
cies'itSj—^uish  gray.  In  the  waters  of  Hallein  and  Gastein, 
there  was  discovered  another  new  metal.  Rubidium,  from  ruhi^ 
dus,  dark  redy  because  it  has  two  splendid  red  lines  in  its  spec* 
trum.  A  third  metal,  called  Thallium,  has  since  been  discov- 
ered, so  called  from  OaWygj  a  budding  twig^  in  allusion  lo  the 
brilliant  green  line  presented  by  its  spectrum.  Indium  was 
recognized  by  the  presence  of  a  hitherto  unobserved  fine  dark 
blue  line.  The  peculiar  appearnnce  of  the  spectra  of  several 
of  the  metals,  as  seen  through  the  spectroscope,  is  represented 
in  Fig.  Ill,  the  dark  lines  of  the  solar  spectrum  being  repre- 
sented in  black,  the  differently  colored  lines  of  the  other  spec- 
tra in  white.  No.  1  represents  the  solar  spectrum ;  Na  2,  that 
of  potassium ;  No.  3,  that  of  sodium,  its  bright  line  being  iden- 
tical m  position  with  the  dark  solar  line,  D ;  No,  4,  that  of  the 
new  metal,  rubidium  ;  No.  5,  that  of  another  new  metal,  eawiuuu 
The  spectra  of  the  same  meals  are  represented  in  colors  in 
the  FrontispiecOt 
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Fig.  111. 

1.  2.  8.  4.  5. 

Sokr  SpectnuiL    Pot^Asiiim.  Sodiom.  Kafaldtom.  CBdnm. 
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T^  dark  litus  in  thr  Solar  Sprftrum,  compared  urith  the  brif^ht  lines  in  the  Sptttrn 
of  Potai9ium^  Sodium,  Bvindiwn  and  Qfsium, 
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Fig.  Ill .« 


288.  The  dark  lines  of 
the  loiar  epectmm  exactly 
coincident  with  the  bright 
lines  of  spectra  produced  by 
the  metals.  Kirthhofi;  io  ex- 
perimenting on  the  bright 
lines  found  in  the  spectra 
produced  by  the  burning 
metals,  discovered  that  these 
bright  lines  are  in  many  cases 
exactljr  coincident  with  the 
dark  hues  mapped  by  Fraun- 
hofer,  in  the  solar  specti  um, 
60  that  when  the  two  lighis 
are  tlirown  into  the  tube 
through  the  same  slit,  and 
their  spectra  are  seen  through 
the  same  telescope,  b,  Fig. 
110,  arranged  one  above  the 
other,  the  bright  lines  of  the 
one  are  found  to  be  continued, 
witliout  the  slightest  inter- 
ruption, into  the  daik  lines 
of  the  other.  Thus  f  odium, 
for  example,  when  ignited, 
emits  an  intensely  biiljiant 
yellow  light,  which  is  concen- 
trated into  two  closely  con- 
tiguous bands,  or  bright  lines, 
coincident  in  position  with 
Fraunhofer's  double  black 
line,  D,  in  the  solar  spectnim ; 
it  was  also  found  that  the 
bright  lines  characteristic  of 
potassium,  chromium,  mag- 
nesium, iron,  and  nickel,  ex- 
actly correspond  with  certain 
of  the  blaik  solar  spectra 
lines;  vaporized  iron  gave 
about  60  bright  lines,  coincid- 
ing in  po:rition,and  in  breadth, 
with  the  same  number  of 
black  lines  produced  by  the 
sun. 

In  Fig,  1 1 1*,  a  representa- 
tion is  given  of  the  coinci- 
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dence  df  more  than  60  of  the  bright  lines  in  the  spectnun  of 
Iron,  with  as  many  dark  lines  in  the  spectrum  of  the  sun.  It 
seems  impossible  that  this  should  be  an  accidental  coincidence, 
and  it  at  once  sugge>ted  the  idea  that  they  are  dne  to  the  same 
ciiuse,  and  that  the  dark  lines  in  the  solar  spectrum  are  pro- 
duced by  thf  se  metals,  ignited  in  the  atmosphere  of  the  sun. 
The  only  difference  is,  that  in  the  one  case  the  lines  are  bright, 
in  the  other  they  are  dark.  The  probability  that  such  a  coinci- 
dence should  be  a  mere  chance,  instead  of  really  indicating  the 
presence  of  Iron  in  the  sun's  atmosphere  is,  according  to  the 
doctrine  of  probabilities,  only  1  to  1,152,930,000,000,000,000. 
989.  The  bright  lines  afforded  by  metallic  spectra  convert- 
ed into  dark  lines.— The  dark  lines  of  the  sobur  spectrum  ex« 
plained.  Now  it  has  been  found  that  the  bright  lines  of  the 
metallic  spectra  may  be  converted  into  black  lines,  by  placing 
behind  the  flame  in  which  the  metal  is  ignited  another  flame, 
much  more  intense  than  the  first,  and  containing  the  same  metal 
in  a  state  of  more  intense  ignition.  Fot  instance,  if  throuffh 
the  flame  of  a  common  alcohol  lamp,  colored  by  sodium,  the 
more  powerful  light  of  sodium,  heated  by  hydrogen,  or  by  the 
electric  light,  be  transmitted,  the  bright  lines  found  in  the  spec- 
trum of  the  first  sodium  light,  are  instantly  changed  into  black 
lines,  occupying  the  same  position ;  the  bright  luaes  in  the  spectra 
of  potassium,  hthium,  barium,  and  strontium,  may  be  converted 
into  black  lines,  in  a  similar  manner.  In  other  words,  if  any 
element  be  ignited  and  vaporized  at  a  high  temperature,  it  emits 
rays  of  light  of  a  definite  degree  of  refrangibility,  and  of  a 
color  peculiar  to  itself.  These  rays  are  mingled  with  the  rays 
that  form  the  beam  of  light  proceeding  from  Uie  flame  in  which 
the  element  is  ignited,  and  ordinarily  are  indistinguishable ;  but 
if  this  beam  be  passed  through  a  narrow  slit,  and  directed  upon 
a  prism,  the  rays  of  different  refrangibility  and  color  are  sepa- 
rated from  each  other,  and  those  proceeding  from  the  ignited 
element  make  their  appearance  in  the  form  of  narrow  bright 
spaces  or  lines  crossing  the  spectrum  at  right  angles  to  its  length. 
IJP,  however,  immediately  behind  the  flame  in  which  the  element 
is  ignited,  another  flame  be  placed  much  more  intense  than  the 
first,  and  containing  the  same  element  in  a  state  of  more  intense 
ignition,  so  that  the  rays  of  light  which  it  emits  will  be^trans- 
mitted  through  the  rays  emitted  by  the  element  contained  in 
the  first  flame,  the  rays  of  the  same  refrangibility  in  both  flames 
will  virtually  destroy  each  other,  just  as  the  waves  of  different 
sounds  sometimes  do,  producing  perfect  silence,  so  that  when 
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the  different  rays  are  separated  from  each  oth^r  by  the  prism, 
certain  rays  will  be  found  to  be  wanting,  and  dark  spaces  to 
have  taken  their  places  in  which  there  is  no  light  If  now,  in 
the  atmosphere  of  the  sun  the  vapors  of  the  various  meta's  be 
present  in  a  state  of  intem»e  ignition,  their  light  passed  through 
a  prism  and  decomposed  would  produce  a  prism  filled  with 
briyht  lines,  but  if  behind  this  external  luminous  atmosphei'o 
<»r  th*i  sun  there  be  another  source  of  heat  still  more  intense, 
and  containing  these  same  metals  in  a  state  of  mo.  e  intense 
ignition,  and  converted  into  luminous  vapor,  the  first  bright 
lines  will  be  converted  into  dcprk  lines  by  the  absorption  of  the 
rays  of  light  which  produce  them,  and  by  the  consequent  for- 
mation of  dark  spaces  in  the  solar  spectrum  in  which  there  is 
no  lijrht.  Now  this  is  precisely  the  view  which  astronomers 
are  disfiosed  to  give  of  the  constitution  of  the  tun.  Within 
an  external  luminous  Photosphere  there  is  supposed  to  be  an 
internal  solid  or  liquid  nucleus,  in  a  more  intense  state  of  igni- 
tion. It  is  therefore  highly  probable  that  the  un illuminated  or 
dark  spaces  in  the  solar  spectrum  are  produced  by  this  cause, 
and  that  the  vapors  of  the  following  metals — Iron,  So<lium,  Po- 
tassium, CMlcium,  Magnesium,  Manganese,  Chromium,  Nickel, 
Titanium,  H>drogenium,  Barium,  Cobalt,  and  Aluminium, — 
are  contained  in  tlie  sun's  Photosphere,  and  most  likely,  ali«o, 
Zinc,  Copper,  and  Gold,  and  that  these  metals  also  exist  to  a 
considerable  extent  in  thtj  internal  .Nucleus  of  the  sun.  And 
that  on  the  other  hand,  as  the  bright  lines  of  the  spectra  of 
Silver,  Mercury.  Antimony,  Arsenic,  Tin,  Lead,  Cadmium, 
Strontium,  and  Lithium,  also  Silicon  and  Oxygen,  do  not  coin- 
cide with  any  of  the  dark  lines  of  the  solar  spectrum,  therefore 
these  elements  do  not  exist  at  all  in  the  constitution  of  the  sim. 
289.*  The  Solar  Spectrum  is  gometimea  creased  by  brigbt 
instead  of  dark  lines.  If  (he  light  of  the  external  Photosphere 
of  the  Sun  could  be  observed  by  itself,  alone,  and  separated 
from  that  of  the  internal  nucleus,  according  to  this  theory,  a 
solar  spectrum  would  be  obtained,  crossed  by  the  same  system 
of  Fraunhofer  lines  as  now,  only  reversed,  and  made  bright 
instead  of  dark. 

'I'his  state  of  things  takes  place  during  the  occurrence  of  a 
total  solar  eclipse,  for  then  the  moon  coming  between  the  earth 
and  the  sun,  completely  cuts  off  all  light  proceeding  from  the 
body  of  the  sun,  and  no  light  can  reach  the  earth  except  that 
which  proceeds  from  the  solar  Photosphere,  and  the  incandes- 
cent vapora  which  surround  it.     When  the  suu's  disk  is  viewed 
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under  these  circumstances,  instead  of  exhibiting  the  regular 
outline  of  a  perfect  circle,  it  is  found  to  present  an  extremely 
irregular  shape,  and  that  cloud-like  masses,  of  a  rose  or  pale 
coral  color,  make  their  appearance,  singly  or  in  groups,  project- 
ing into  space,  and  extending  fsiv  beyond  the  outline  of  the 
disk.  These  prominences  are  great  accumulations  of  luminous 
gas,  thrown  out  to  an  enormous  distance  beyond  the  ordinal  y 
limits  of  the  sun's  atmosphere,  in  some  cases  exceeding  90,(m  0 
miles.  We  have  here,  then,  the  opportunity  of  viewing  the 
luminous  Photosphere  of  the  Sun,  by  itself  alone,  unaffected 
by  the  transmission  through  it  of  the  more  intensely  heated 
elements  of  the  internal  nucleus,  and  we  find  on  viewing  these 
prominences  through  a  spectroscope  of  great  dispersive  power, 
that  the  solar  spectrum  is  crossed,  not  as  usual, ^by  the  dark 
Fraunhofer  lines,  but  by  bright  lines  similar  to  tlu>ie  which  are 
discharged  by  incandescent  gases  or  vapors.  This  afibrds  very 
strong  confirmation  to  the  truth  of  the  above  mentioned  theory 
in  regard  to  the  cau^o  of  the  dark  lines  of  the  solar  spectrum,- 
and  also  in  regard  to  the  constitution  of  the  Fun  itself. 

It  is  not  necessary,  however,  to  wait  for  the  unqsual  occur- 
rence of  a  total  solar  eclipse  in  order  to  view  the  bright  lines 
contained  in  the  sun's  Photosphere,  separate  from  the  rays  ^hich 
procee<i  from  the  internal  nucleus  within.  As  these  vast  pillars 
of  gas  project  at  all  times  to  a  vast  distance  outside  of  the  sun's 
disk,  by  directing  the  spectroscope  to  the  extreme  edge  of  the 
sun's  disk  we  may  examine  their  light  unmixed  with  that  of 
the  internal  nucleus,  and  detect  these  bright  lines  at  all  times 
in  the  spectrum  of  the  siin*s  Photosphere,  l^y  arranging  the 
instrument  properly,  we  may  examine  the  light  proceeding  from 
Ihe  edge  of  the  di-^k,  and  therefore  containing  some  of  the 
transmitted  light  of  the  internal  nucleus,  and  that  of  the  Pho- 
tosphere together,  and  we  shall  find  that  the  bright  lines  of  the 
spectrum  of  the  latter  are  prolonged  into  the  spectrum  of  the 
former,  and  are  coincident  with  many  of  its  dark  lines ;  or  in 
oiher  words  that  the  bright  lines  of  the  light  of  the  Photosphere 
are  converted  into  dark  lines  as  soon  as  any  of  the  light  of  the 
inU^mal  nucleus  is  allowed  to  stream  through  it.  Th  s  is  illus- 
trated in  Fiff*  112*.  s  represents  the  solar  disk  with  the 
irregular  outline  of  the  Photosphere,  and  of  the  vast  projections 
of  incandescent  gas  which  surround  it.  The  Spectroscope  is 
directed  towards  the  edge  of  the  disk  so  as  to  receive  at  the 
same  time  through  its  slit  s,  s,  a  beam  composed  of  the  light 
of  ihe  Photosphere  with  that  of  the  nucleus  behind  streaming 
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lig.  112*. 


through  it,  and  a  beam  composed 
of  the  light  of  the  Photosphere 
alone  with  its  projections  of  in« 
candescent  gas.  On  examining 
the  spectra  thus  produced  it  is 
found  that  the  spectrum  of  the 
Photosphere  and  its  gaseous  pro- 
jections is  crossed  by  bright  lines 
in>tead  of  by  dark^  and  that  these 
bright  lines  are  prolonged  into 
and  are  exactly  coincident  with 
several  of  the  dark  Fraunhofer 
lines  of  the-solar  spectrum.  Thus 
the  Hydrogen  line  ii  a  is  coinci- 
dent with  the  Fraunhofer  line  c, 
H  /3  with  the  line  f.  The  prin- 
cipal element  which  has  been 
thus  detected  in  the  sun's  Pho- 
tosphere is  Hydrogen,  of  which 
element,  in  an  incandescent  state, 
these  vast  clouds  of  vapor  are 
supposed  chiefly  to  consist.  Iron, 
l^Iagnesium,  and  Sodium,  with 
traces  of  some  o;her  Metals,  have 
also  been  di-covered. 
290*.  Spectra  of  the  Moon  and  Planeti.  The  spectra  of 
the  Moon  and  of  the  Planets  are  found  to  be  crossed  by  the 
dark  lines  of  Fraunhofer,  and  to  correspond  almost  exactly 
with  the  spectrum  of  the  Sun.  This  is  what  might  be  expected, 
since  they  do  not  shine  by  any  light  of  their  own,  but  merely 
reflect  the  light  of  the  Sun. 

291*.  Spectra  of  the  Fixed  Stan.  The  spectra  produced  by 
the  light  of  Sinus,  Castor,  and  the  other  Fixed  Stars,  are  also 
crossed  by  dark  lines,  but  differing  from  those  of  the  Sun,  and  from 
each  other,  although  in  nearly  ^1,  some  of  the  most  important 
dark  lines  of  the  solar  spectrum  are  to  be  seen.  Thus  in  Pro- 
cyon,  the  double  line,  d,  of  the  solar  spectrum,  is  found ;  and 
in  Capella.  and  Beltegenx,  the  lines  d  and  B.  Arcturus,  AMe- 
baran.  /3  Pegasi,  and  o  Virginis,  are  particularly  remarkable  for 

288.  What  connection  has  been  disroTcred  between  the  dark  lines  of  the  eolar  lipeo- 
trum  and  the  biight  lines  of  tlie  spectra  of  the  metals  ?  2^.  How  may  the  bright  Unos 
of  the  metallic  spectra  be  conTerted  into  daric  lines  ?  How  may  the  dark  lines  of  the 
solar  spectrum  be  explained  ?  What  substances  hare  been  discoTered  in  the  sun  t  2%l*. 
What  u  seen  when  thjB  external  Photosphere  b  obserred  alone?  KxpUdn  these  bright  lines. 


JftdGiif  ^  observing  the  bright  lines  in 
the  Sun. 
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the  strength  and  number  of  the  dark  lines  by  which  their  spec- 
tra are  crossed.  From  this  we  infer  that  the  constitatiou  of 
the  Fixed  Stars  is  similar  to  that  of  the  Sun,  that  is,  that  they 
mH  have  an  internal  luminous  nucleus,  surrounded  by  an  exter- 
nal luminous  Photosphere  less  intensely  heated.  We  are  also 
able  to  ascertain  with  considerable  accuracy  the  chemical  con- 
stitution of  the-e  heavenly  bodies.  Thus  Aldebaran  conUiins 
Hydrogen,  Sodium,  Magnesium,  Calcium,  Iron,  Tellurium,  An- 
timony, Bismuth,  and  Mercury,  while  in  Sirius,  only  Sodium, 
Magnesium,  and  Hydrogen,  have  been  detected. 

292.*  Spectrm  of  the  NelmliD.  The  spectra  of  the  Nebulae^ 
differ  from  those  of  the  Sun  and  of  the  Stars,  as  they  contain 
only  bright  lines,  tmmg  which  the  Nitrogen  and  Hydrogen 
lines  are  very  apparent  Hence  we  conclude  that  the  Nebulae 
are  only  masses  of  glowing  gas,  and  do  not  consist,  like  the 
Sun,  of  an  incandeseent  solid  or  liquid  nucleus,  surrounded 
by  a  gaseous  Photosphere. 

293.*  Spectra  of  Comete  and  Meteon.  Observations  upon 
the  ppcctra  of  Comets  seem  to  show  that  the  nuclei  consist  of 
glowing  gas,  most  probably  containing  Carbon,  and  that  they 
not  only  emit  their  own  light,  but  also  reflect  a  portion  of  that 
of  the  Sun.  On  the  other  hand,  the  spectra  of  Meteors  show 
that  they  are  incandescent  solid  bodies,  and  ihat  they  difler 
from  each  other  in  chemical  constitution,  somo  containing 
Sodium,  others  Magnesium. 

29  i*.  Spectra  ofthe  Aurora  Borealii  and  of  Lightiun8>.  The 
spectra  of  the  Aurora  also  exhibit  very  distinct  and  beautiful 
bright  lines,  but  none  that  are  coincident  with  those  of  any  of 
the  terrestrial  elements.  Hence  we  conclude  that  these  are 
absent,  or  that  the  heat  is  not  sufficiently  great  to  make  them 
luminous.  The  spectra  of  Lightning  are  also  crossed  by  bright 
lines,  some  of  which  are  coincident  with  those  of  Nitrogen  and 
Oxygen,  and  are  probably  produced  by  the  electrical  ignition 
of  the  gaseous  mixture  of  Oxygen,  Nitrogen,  Watery  vapor, 
and  Caiboiiic  Acid,  through  which  the  dischai-ge  is  made. 

Thns  we  have  the  means,  by  carefully  observing  the  light 
emitted  by  the  various  heavenly  bodies,  of  determining  not  only 
their  physical  constitution,  but  also  the  chemical  elements 
wliich  enter  into  them.     This  is  the  most  brilliant  generaliza- 

BtHiribc  the  method  of  obwrring  them.  What  k*  the  prinrlpa]  rabntanee  diK>OTere<l  )n 
the  solar  prominence^  ?  290*.  Deocribe  the  upectra  of  the  moon  and  of  tlie  planets 
291*.  DeMiibe  the  upectra  of  the  fixed  stars.  What  elements  are  Iband  in  tbemt 
292*.  Describe  the  spectra  of  the  Nebtilao.  293*.  Describe  the  spectra  of  Comets  and 
of  Meteors.    294*.  Describe  the  spectra  of  the  Aurora  Boreaas,  and  of  Ltghtoinf. 
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tioa  of  modem  chemistry,  and  in  this  way  does  the  chemist 
possess  the  power  of  extending  his  researches  beyond  the  eailh, 
and  determining  the  chemical  constitution  of  the  sim  and 
stars,  and  that  too  with  a  degree  of  exactness  far  surpassing 
that  of  the  ordinary  means  of  analysis. 

290.  Tho  effect  of  Solar  Li,ffht  on  the  T^etable  Sinffdom. 
The  combined  influence  of  the  three  kinds  of  rays  contained  in 
the  sunbeam  upon  all  objects  exposed  to  their  action  is  un- 
doubtedly very  great.  This  is  seen  especially  in  the  case  of 
plants.  Without  the  influence  of  the  heating  rays  of  the  siiu- 
bean:i,  plants  evince  no  signs  of  life,  and  in  general,  the  higher 
the  temperature,  the  more  abundant  and  luxuriant  the  vegeta- 
tIo:i.  The  effect  of  the  illuminating  rays  is  equally  marked. 
In  the  dark,  it  is  well  known  that  the  growth  of  plants  is 
checked,  and  that  their  tissues  are  soon  almost  entirely  deprived 
of  their  green  color,  and  turn  white ;  their  juices,  also,  lose  their 
peculiar  characteristic  properties  and  become  tasteless  and 
watery.  All  plants  tend  to  grow  towards  the  light,  and  if 
placed  in  cellars,  are  soon  bent  in  the  direction  of  the  windows. 
There  is  also  a  certain  mechanical  effect  exerted  by  the 
solar  beam ;  under  its  influence  the  stomata  of  the  leaves  are 
opened,  and  the  amount  of  air  and  watery  vapor  exhaled  and 
inhaled  is  greatly  increased ;  if  this  influence  be  withdrawn,  the 
stonata  arc  at  once  closed,  and  the  respiration  of  the  plant  is 
entirely  suspended.  Plants,  therefore,  placed  in  absolute  dark- 
ness, speedily  die.  There  is  another  effect,  however,  exerted 
by  tlio  chemical  rays  of  the  solar  beam,  of  at  least  equal  im- 
portance. The  green  parts  of  leaves  and  stems  acquire  the 
power,  under  the  influence  of  sunlight,  of  decomposing  carbonic 
acid,  appropriating  the  carbon,  and  exhaling  nearly  pure  oxygen. 
In  the  dark,  this  process  is  reversed,  and  carbonic  acid  is  ex- 
haled ;  but  as  the  amount  of  oxygen  produced  is  much  larger 
than  the  amount  of  carbonic  acid,  the  general  effect  of  plants 
is  to  diminish  the  amount  of  carbonic  acid  in  the  atmosphere, 
and  to  increase  the  amount  of  oxygen.  They  tend,  therefore, 
to  fit  the  air  for  the  support  of  animal  life,  and  to  neutralize  the 
injurious  influences  exerted  upon  the  atmosphere  by  the  car- 
bonic acid  produced  by  the  breathing  of  animals.  There  are 
two  periods  in  the  growth  of  plants  when  the  amount  of  car- 

293.  What  \%  tho  eflTcct  of  the  heat  rays  of  t!ic  Bolar  beam  on  plants  ?  Of  the  illuminating 
rays  ?  What  is  the  effect  of  light  on  tho  stomata  of  leaves  ?  What  happens  if  plants  b^ 
pi  iced  in  complete  d&rkncM?  What  effect  has  light  on  the  decomposition  of  earbonie 
acid  by  plants  ?  Is  this  process  ever  reversed  ?  At  what  two  periods  in  the  life  of  the 
plants  is  carboniri  add  produced  in  excess?  V\iaX  eOMt  has  light  on  oxidation?  On 
do -oxidation? 
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bonic  acid  evolved  is  greatly  increased,  viz.,  the  germination  of  the 
seeds,  and  the  bursting  of  the  flower-buds;  especially  the  former. 
This  is  owing  to  the  fact,  that  in  both  these  processes  a  large 
amount  of  carbon  is  removed  from  the  starch  contained  in  the 
seed  and  flower,  in  order  that  it  may  be  converted  into  sugar. 
Oxygen  is,  therefore,  absorbed  from  the  atmor^phere  to  unite  with 
this  carbon  and  convert  it  into  carbonic  acid,  which  is  then  ex- 
haled. Both  these  processes  are  greatly  assisted  by  the  abrence 
of  light,  and  one  of  the  indispens^able  conditions  of  vegetation 
is,  that  the  seed  be  buried  in  the  ground,  and  kept  in  the  dark. 
The  absence  of  light  tends,  therefore,  to  accelerate  combination 
with  oxygen,  or  to  produce  oxidation ;  the  presence  of  light  to 
set  free  oxygen  fi-om  substances  containing  it,  or  to  produce 
de-oxidation.  It  is  by  this  latter  process  that  all  the  carbon 
containc^d  in  plants  has  been  abstracted  from  the  atmosphere, 
by  the  ajency  of  leaves,  and  also  all  the  coal  now  found  buried  in 
the  bowels  of  the  earth.  These  influences  are  exerted  chiefly 
by  the  chemical  rays  of  the  sunbeam,  and  they  are  greatly  in- 
creased by  covering  plants  with  blue  glass.  This  has  the  effect 
of  absorbing  the  rays  of  heat  and  L'ght,  and  leaving  the  plant 
to  the  exclusive  influence  of  the  chemical  rays. 

291*  Bniiiniary  of  the  efEaeta  of  Zii^ht  on  Tegetationa 
The  general  eflect  of  sunlight  on  plants  may  be  thus  summed  up : 
1st.  The  illuminating  rays  prevent  the  germination  of  seeds* 
2d.  The  chemical  rays,  formed  at  the  violet  extremity  of  the 
spi'ctrum,  and  extending  a  considerable  distance  beyond  it, 
quicken  germination.  3d.  The  luminous  rays  effect  the  decom- 
position of  carbonic  acid  by  the  leaves.  4th.  The  chemical 
and  luminous  rays  are  both  essential  to  the  formation  of  the 
coloring  matter  of  leaves.  5th.  The  chemical  and  illuminating 
rays,  unassisted  by  the  calorific  rays,  prevent  the  development 
of  the  reproductive  organs  of  plants.  6th.  The  heat  rays,  cor- 
responding with  the  extreme  red  rays,  assist  the  development 
of  the  reproductive  organs  of  plants.  There  seems  to  be  a  nice 
adaptation  of  sunlight  to  the  varying  condition  of  vegetation, 
at  the  different  seasons.  In  the  spring,  when  the  process  of 
germination  is  going  on,  there  is  a  large  excess  of  chemical 
rays,  which,  as  we  have  seen,  tend  powerfully  to  hasten  the 
process.     The  excess  of  the  chemical  rays,  at  this  season  of  the 

How  hftfl  all  the  coal  boon  abstracted  from  the  abnoephere?  By  what  rayn  of  the  solar 
beotn  han  thix  been  done?  What  etTect  has  blue  gla^s  upon  plants?— 291.  Cire  a  sum- 
mary of  the  otTccU  of  \ig\t  on  vcgetatiou.  llow  does  sunlight  seem  to  be  adapted  to  the 
Tar^iuir  condition  of  T^;otation  ? 
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year,  is  proved  by  the  greater  facility  with  which  photographic 
operations  may  be  carried  on.  As  summer  advances,  and  the 
influence  of  the  illuminating  rays  is  required  to  promote  tlie 
decomposition  of  carbonic  acid  by  the  leaves  and  the  conse- 
quent growth  of  vegetation,  the  quantity  of  the  illuminating 
and  heating  rays  both  increase  in  a  very  great  degree  relatively 
to  the  chemical  rays.  In  the  autumn,  as  p!an!s  approach  matu- 
rity, and  seeds  are  to  be  formed,  and  fruit  ripened,  the  illumi- 
nating and  chemical  rays  both  diminish,  and  the  heating  niys 
are  increased.  This  furnishes  a  very  extraordinary  and  curi- 
ous instance  of  design  in  Nature.  Advantage  is  often  taken  of 
these  principles  by  the  horticulturist,  in  the  cultivation  of  plants. 
"When  the  seeds  are  to  be  forced,  they  are  covered  with  dark 
blue  glass,  because  this  absorbs  all  the  illuminating  and  calorific 
rays,  and  allows  only  the  chemical  rays  to  reach  the  plant.  As 
the  plant  advances  towards  maturity,  light  is  needed,  and  yellow 
glass  is  substituted  in  place  of  blue.  When  the  period  of 
maturity  arrives,  heat  has  become  more  es  ential,  an<l  red  glass 
is  employed  in  place  of  the  yellow.  In  this  manner  the  gar- 
dener closely  imitates  the  changes  in  the  composition  of  sun- 
light which  are  made  in  Nature. 

292.  The  effect  of  Solar  liigrht  on  Chemical  CompoundsL 
Several  instances  have  already  been  adverted  to,  of  the  chemi- 
cal effect  of  the  sun's  rays ;  chlorine  and  hydrogen  will  unite 
with  explosion,  and  the  chloride  of  silver  will  be  blacJcened  if 
placed  in  the  bright  sunl'ght  In  all  these  cases  the  effect  is 
produced  by  the  chemical  rays  of  the  sunbeam,  and  not  by 
those  oi  heat  or  light,  for  if  the  beam  be  decomposed  by  a 
prism,  and  the  different  rays  separated  from  each  other,  those 
of  heat  and  light  may  be  entirely  excluded,  and  yet  the  effect 
remain  the  same.  An  important  application  is  made  of  this 
influence  of  the  chemical  rays  in  the  art  of  Photography,  or 
the  formation  of  pictures  by  the  agency  of  the  sun.  These 
pictures  are  generally  produced  by  the  action  of  the  chemicid 
rays  of  the  sunbeam  on  some  salt  of  silver.  The  explanation 
of  the  chemical  part  of  the  process  must  be  deferred  for  the 
present,  and  the  mechanical  details  only  given  here.  The 
outline  of  any  object  can  be  taken  by  the  following  simple  pro- 
cess. Let  a  piece  of  white  paper  be  moistened  with  a  diluted 
Bolution  of  common  salt,  and  then  washed  over  with  a  solution 

now  does  the  gardener  imitAto  Nature  in  this  renpect?— 292.  What  Is  the  effeetof 
snnUghton  chemical  combination?  On  rhloride  of  silver?  By  what  rays  in  the  sunbeam 
ii  this  effect  produced?    How  is  this  proved  ?    Wliat  art  depends  upon  this  eOiDct  of  light  ? 
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of  nitrate  of  silver.  Common  Bait  conBists  of  chlorine  and 
sodium,  and  by  the  action  of  the  chlorine  the  nitrate  of  silver 
is  converted  into  the  chloride  of  silver,  a  substance  which 
speedily  turns  black  on  exposure  to  the  sunlight  This  black 
color  is  due  to  a  chemical  change  in  the  chloride,  in  virtue  of 
which,  either  an  oxide,  or  some  peculiar  form  of  chloride  ef 
silver,  of  a  black  co!or,  is  produced.  If,  on  paper  thus  prepared, 
before  it  has  been  exposed  to  the  light,  any  ^roall  object  be 
placed,  which  is  perfectly  opaque,  and  then  the  whole  exposed 
to  the  action  of  the  sun,  the  paper  will  le  blackened,  except  where 
it  has  been  protected  by  ttie  article  in  question ;  thus  a  white 
8|K)t  will  be  produced  upon  a  dark  ground,  having  the  exact 
o  jtline  of  the  arti;^le  employed,  and  this  white  f|  ot  may  be 
prevented  from  turning  black  on  exposure  to  the  light,  and  pre- 
sei-ved  permanently  white,  by  washing  the  paper  immediately 
in  a  saturated  solution  of  common  salt,  by  which  all  the  chlo- 
ride of  silver  is  dissolved  our,  and  the  paper  lell  in  its  natuial 
condition.  If  the  article  in  question  be  not  entirely  opaqi:e, 
but  partially  translucent,  the  paper  under  it  will  have  been 
more  or  less  blackened,  corresponding  wiih  the  amount  of  light 
transmitted,  and  in  this  way  various  degrees  of  shade  prudu<  ed 
which  may  be  rendered  permanent  in  the  manner  alove  de- 
scribed. It  was  on  this  principle  that  Wedgewood  and  Davy, 
about  1802,  undertook  to  prepai'e  photographic  pictures,  by  pio- 
jecting  the  shatlow  of  the  ariicle  intended  to  be  copied,  upon 
wliite  paper  and  leather,  saturated  with  a  eolution  of  nitrate  of 
silver;  but  unfortunately  their  attempts  failed  in  consequence 
of  inability  to  fix  the  pictures,  and  render  them  indestiuctible 
by  diffused  light. 

293.  The  Dasnerreotype  proceii.  The  next  improvement 
in  taking  photographic  pictures  consisted  in  the  u^e  of  the 
camera  ob^cura.  By  this  instrument  a  luminous  image  can'be 
formed  in  the  interior  of  a  darkened  box ;  and  if  this  image  be 
allowed  to  fall  upon  a  polished  silver  plate,  or  upon  pioperly 
prepared  paper,  a  picture  will  be  formed  which  only  needs  pro- 
tection from  the  action  of  diffused  light,  after  being  taken  frcm 
the  camera,  in  order  to  be  permanent.  M  Daguerre,  who  was 
the  inventor  of  the  process  which  bears  his  name,  made  use  of 
p'ates  of  silver  coated  with  iodine,  by  exposure  to  the  fumes 
which  ri-e  from  this  substance  on  the  applicat'on  of  heat ;  in 
tliis  way  a  thin  film  of  iodide  of  silver  is  formed  upon   the 

Uow  may  the  outlino  of  im  object  be  taken  ?    Who  tint  nnflortook  to  prepare  pboto> 
grap.iic  outUoett  by  thb  process  .'—-293.  Describe  t'ae  Doguerreotj  po  process. 
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surface.  It  u  then  exposed  for  a  ffew  moments  to  the  artion 
of  light  in  the  camera,  the  effect  of  which  is  to  decompose 
the  iodide  of  silver,  and  expose  the  pure  metal  lo  a  greater  or 
legs  degree,  according  to  the  light  and  shade  of  the  image  within 
the  ins^trument.  The  plate  is  then  removed  irom  the  camera, 
and  as  quickly  as  poisible  transferred  to  a  darkened  room,  where 
it  is  held  over  the  fumes  of  heated  mercury;  these  mercurial 
fumes  act  upon  the  silver  wherever  it  has  been  laid  bare  by  tlie 
action  of  the  light,  and  to  a  degree  proportioned  to  this  action, 
and  thus  a  difference  of  surface  and  color  are  produced  between 
the  image  and  the  other  parts  of  the  plate,  and  it  now  only  i-e- 
mains  to  remove  the  undecomposed  iodide  of  silver  from  tlio 
other  portions  of  the  plate,  and  render  it  incapable  of  being 
affected  by  the  action  of  the  diffused  light  of  day,  iu  order  to 
make  the  picture  complete.  This  is  effected  by  washing  the 
plate  with  a  solution  of  the  hypo-sidphite  of  soda,  which  dis- 
solves off  all  the  remaining  sensitive  coating.  It  is  then  cov- 
ered with  a  very  thin  film  of  reduced  gold,  for  the  purpose  of 
giving  to  the  picture  a  richer  and  warmer  tone.  This  i  j  accom- 
plished by  pouring  upon  the  plate  a  solution  of  chloride  of  gold, 
and  heating  it  over  the  flame  of  a  spirit  lamp. 

29  i.  X^togxaphsu  About  the  same  time  that  the  process 
for  taking  pictures  upon  iodized  silver  plates  was  introduced  by 
M.  Daguerre,  Mr.  Talbot  invented  a  similar  process  for  takin^j 
pictures  upon  paper  prepared  with  a  solution  of  iodide  of  silver. 
The  paper  is  placed  in  the  camera  in  the  manner  just  described, 
and  the  invisible  picture  which  is  formed  is  developed  by  wash- 
ing it  with  a  solution  of  gallic  acid,  the  superfluous  iodide  of  sil- 
ver being  quickly  removed  by  washing  with  a  solution  of  hypo- 
sulphite of  soda.  The  picture  thus  formed  is  then  placed  upon 
a  second  sheet  of  iodized  paper,  and  both  are  exposed  to  the 
direct  rays  of  the  sun.  In  consequence  of  the  partial  trans- 
parence of  the  paper,  the  rays  of  light  are  enabled  to  pass 
through  the  fir^t  sheet  more  or  less,  according  to  the  degree  of 
light  and  shade  of  the  picture,  and  falling  upon  the  lower  sheet, 
speedily  develop  a  second  picture  upon  its  sensitive  surface. 
As  the  darkest  portions  of  the  first  picture  were  produced  by 
the  most  highly  illuminated  parts  of  the  object,  the  picture  of 
which  was  taken,  it  is  quite  evident  that  in  the  second,  the  light- 
est portions  will  bo  produced  beneath  the  darkest  portions  of 
the  first,  in  consequence  of  the  obstruction  which  these  offer  to 

294.  Dfliczibe  th«  slmpleBt  photognpUo  prooMt. 
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the  passietge  of  light,  and  that  the  darkest  portions  of  the  Fecond 
picture  will  correspond  with  the  lightest  portions  of  the  first,  ar.d 
consequently  the  lights  and  shades  of  the  second  picture  wi  I 
exactly  correspond  with  the  lights  and  shades  of  the  orig'^al 
object.  This  process  not  only  pos^-esses  the  advantage  of  cheap- 
ness and  portability,  but  also  the  additional  one  of  allowing  the 
multiplication  of  impressions  indefinitely,  without  again  havii  g 
recourse  to  the  camera,  and  of  giving  an  exact  i-eproduction  of 
the  original  object ;  but  it  is  defective  in  delicacy  in  consequent  e 
of  the  coarseness  of  the  fibre  of  paper,  even  when  nianufactuud 
with  the  greatest  care  and  expressly  for  photographic  purposes. 
The  next  improvement  consisted  in  the  substitution  of  glass 
plates,  coated  with  iodide  of  silver  through  the  instrumentality 
of  a  delicate  and  transparent  paste,  made  of  the  whites  of  egg<. 
The  transparent  medium  now  most  commonly  employed,  is  col- 
lodion ;  this  is  a  solution  of  gun  cotton  in  ether.  The  plate  of 
glass  is  first  rubbed  very  dry  and  clean,  with  linen  and  leather ; 
it  is  then  placed  in  a  horizontal  position,  and  upon  the  middle 
portion  a  quantity  of  liquid  collodion,  having  some  iodide  of 
potassium  dissolved  in  it,  is  poured,  and  the  superfluous  liquid 
allowed  to  drain  off.  The  collodion  soon  evaporates,  and  the 
plate  acquires  a  cloudy  appearance.  It  is  then  immediately 
plunged  into  a  bath  containing  4  grains  of  nitrate  of  silver,  to 
every  10  grains  of  water ;  the  iodine  at  once  quits  the  potassiiini 
and  unites  with  the  silver,  to  form  an  iodide  of  silver,  which  is 
deposited  in  a  thin  film  over  the  whole  plate ;  the  process  is 
carried  on  in  a  dark  room,  in  order  that  it  may  not  be  affected 
by  the  diffused  light.  After  remahiing  about  a  minute  in  the 
bath,  the  plate  is  drained,  dried,  and  placed  in  a  closed  frame, 
fitting  tightly  into  the  grooves  of  the  camera.  When  it  is  ad- 
justed in  its  proper  place,  the  slide  which  protects  it  is  remove  d, 
and  the  iodized  plate  of  glass  exposed  to  the  action  of  the  lumi- 
nous image  formed  in  the  interior  of  the  camera.  The  iodide 
of  silver  is  everywhere  decomposed  to  a  degree  proportionetl 
to  the  light,  the  brightest  parts  of  the  image  producing  the  deej)- 
est  impression,  but  without  exhibiting  any  apparent  pictui-e. 
It  is  then  removed  from  the  camera  into  a  darkened  room,  and 
washed  with  a  solution  of  pyro-gallic  acid,  containing  a  sligl.t 
amount  of  crystallized  acetic  acid.  Wherever  the  iodide  of  sil- 
ver has  experienced  the  beginning  of  decomposition,  there  is 

Doicribo  the  collodion  procosn.  How  is  the  uuporfluou*  iodide  of  direr  rpmoTei? 
What  14  a  ne  ^Httre  ?  A  poHiUre  ?  Bow  ATq  tU«  lights  and  BitwifiA  ot  ta«  negative  uicturo 
reyewjd  in  tiie  podare  ? 
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formed  the  block  gallate  of  silver,  and  the  image  immediately 
appears.  The  shaded  parts  of  tlie  object  whose  picture  is  made, 
having  produced  no  effect  upon  ihe  iodized  g!ass  plate  within 
the  camera,  at  these  points  no  darkening  effect  is  produced  when 
it  is  dipped  into  the  gallic  acid,  and  the  undecomposed  iodide 
remains  entirely  unchanged.  As  this  would  speedily  become 
blackened  under  the  influence  of  diflfused  daylight,  it  is  quickly 
washed  off  by  a  solution  of  hypo-sulphite  of  soda.  Thus  there 
is  formed  upon  the  glass  plate  a  representation  of  the  original 
object,  in  which  the  lights  and  shades  are  reversed,  the  bnght 
parts  being  dark  upon  the  plate,  and  the  dark  parts  of  the  ob- 
ject being  perfectly  colorless  and  transparent;  consequently, 
the  picture  thus  obtained  is  called  a  negative.  In  order  to  pro- 
duce a  positive  picture,  or  an  exact  reproduction  of  the  original 
object,  the  negative  plate  is  laid  upon  a  piece  of  paper  pre- 
pared with  chloride  of  silver,  and  the  two  sheets  being  com- 
pressed between  two  plates  of  glass,  the  whole  is  exposed  to 
the  action  of  bright  sunlight.  The  dark  parts  of  the  plate 
b(»come  the  light  parts  of  the  new  picture,  and  the  light  parts  of 
the  plate  the  dark  parts,  thus  forming  a  perfect  repro<luc  ion 
of  the  lights  and  shades  of  the  original  object.  The  paper  is 
then  washed  in  a  solution  of  hypo-sulphite  of  soda,  in  order  to 
remove  the  superfluous  chloride  of  silver,  and  the  picture  is 
complete.  It  is  evident  that  from  a  single  ne;];atlve  on  glass, 
of  this  description,  an  indefinite  number  of  positive  pictures 

may   be    obtained 
^  Fig.  112.  by  a  proce-8  which 

may  be  considered 
a  kind  of  pruiting 
by  the  sun.  This 
constitutes  the  art 
of  photograj)hy,  in 
iiS  most  periect 
form. 

295.  ThePho- 
tographio  Came- 
ra, In/Y/7.  H2is 
represented  the  ar- 
rangement of  the 
camera  obscura, 
for  t  he  taking  of  Ja- 
5V  Phoiogmphie  Qimera.  gucrrootypes    and 
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photograi^s.  The  lens  is  plm^d  at  A,  and  turned  towards  ibe 
person  or  object  the  image  of  which  is  to  be  taken.  Its  focus 
can  be  altered  by  means  of  the  screw  d.  The  glass,  or  the  sil- 
ver plate,  is  fastened  upon  a  frame,  which  is  slid  into  a  gi-oove, 
E  B,  made  capable  of  adjustment  in  reference  to  the  lens  by 
moving  it  in  or  out  g£  the  body  of  the  instrument,  c.  It  will 
be  observed  that  the  image  of  the  object  is  inverted.  The  images 
produced  by  single  lenses  are  always  inverted,  but  this  evidently 
presents  no  practical  difficulty.  In  the  actual  use  of  the  instru- 
ment, an  additional  slide  is  employed,  not  seen  in  the  figure,  by 
which  the  light  of  the  room  is  entirely  cut  off  from  the  plate, 
aud  the  process  carried  on  in  total  darkness.  For  full  particu- 
lars in  reference  to  this  beautiful  art,  reference  must  be  made  to 
special  treatises  on  Photography. 

296m  Photographa  are  produced  flmlelj  1>7  the  cbeinical 
rairs  of  the  soUmr  beaai.  The  process  of  forming  daguerreotype 
and  photographic  pictures  depends  solely  upon  the  chemical 
rays  of  the  solar  beam,  i.  e.,  upon  the  rays  that  are  found  in  the 
polar  spectrum,  above  the  violet,  and  entirely  outside  of  the 
luminous  limits  of  the  spectrum,  extending  in  Fig,  104,  from  v 
to  c.  The  name  photography,  which  means  "  Light  drawing,"  is 
therefore  misapplied  to  this  art,  because  the  light  of  the  so'ar 
beam,  instead  of  producing  the  pictures,  actual'y  tends  to  pre- 
vent their  formation.  That  this  is  true,  may  I  e  proved  by  tak- 
ing a  da2:uerreotype  in  the  dark,  by  the  use  of  the  obscure,  ov. 
chemical  rays,  alune.  Let  a  large  solar  spectrum  be  thrown 
upon  a  Fcrccn,  and  at  the  j^ohit  c,  between  v  and  c.  Fig.  104, 
beyond  the  luminous  rays,  where  the  chemical  rays  are  situated, 
let  a  lens  be  placed  in  such  a  way  as  to  throw  these  rays  into  a 
darkened  apartment,  \i\)on  the  object  who?e  picture  is  to  be 
produced ;  from  the  object  they  may  be  received  upon  Fensitlve 
pholographic  paper  arranged  in  the  camera  and  a  picture  taken 
in  the  ordinary  manner.  That  it  is  the  actinic,  or  chemical  lays, 
which  produce  the  picture,  is  also  proved  by  the  following  experi- 
ments. Throw  the  prismatic  spectrum  upon  a  table,  and  place  in 
it  slips  of  photographic  paper,  prepared  with  chloride  of  silver ; 
t!:en  bring  out  the  effect  by  means  of  Fome  developing  agent 
It  will  be  found  that  the  darkening  is  the  deepest  in  the  indigo 
and  violet  spaces,  and  that  it  extends  upwards  to  a  considerable 
distance  Ix'yond  the  visible  spectrum.  If  traced  in  the  opposite 
direction,  it  is  found  to  diminish  rapidly  in  intensity,  until  it 

99^..  By  what  mva  In  the  solar  benin  are  photojfr«ph«  produced?    How  may  thb  1»e 
^ruvvU  by  photographic  poper  ?    By  tlowera  and  pieces  of  glass  of  diObrmt  colon  f 
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reaches  the  green  colored  space,  and  then  to  cease  entire!y. 
Fig.  113  illustrates  this,  and  shows  very  plainly  that  in  the  red, 
orange,  yellow,  and  green,  there  is  no  dark- 
ening effect  whatever  produced.  Againj 
take  a  vase  of  flowers,  of  different  shades, 
— scarlet,  blue,  and  yellow, — and  make  a 
photographic  copy  of  them  upon  iodide  of 
silver.  The  blue  tints  will  be  found  to  act 
most  violently  upon  the  sensitive  paper, 
while  the  red  and  yellow  are  scarcely  vi  i- 
ble.  Ag^in,  take  a  sheet  of  sensitive  pa;^cr, 
prepared  with*  chloride  of  silver,  and  place 
upon  it  strips  of  blue,  yellow,  and  red  g'ass. 
On  exposure  to  the  sun's  rays  for  a  few  min- 
utes, the  part  beneath  the  blue  glass  darkt^ns 
rapidly,  while  those  covered  by  the  red  and 
^*;^.  t!^,  yellow  ghiss,  are  perfectly  protected.  This 
is  the  more  striking  from  the  extreme  trans- 
parency of  the  plate  of  yellow  glass,  and  the  ease  with  which 
the  light  strikes  through  it,  and  the  nearly  complete  opacity  of 
the  plate  of  blue  glass,  hardly  allowing  of  the  passage  of  light 
at  all. 

297.  Practical  importance  of  diftinguiihiiig'  between  the 
illuminating  and  chemical  raja  eflfight.  As  the  Photographi  t 
requires  the  use  of  the  chemical  rays  of  the  solar  beam,  it  is 
nec<^s:9ary  for  him  to  pay  constant  attention  to  the  peculiar  prop- 
erties of  these  ray.^,  and  the  various  circumstances  which  affect 
them.  As  they  are  more  refrangible  than  the  illuminating  mys, 
they  are  brought  to  a  focus  at  a  point  somewhat  nearer  the  lens 
than  the  rays  of  heat  and  light.  Fig,  105,  and  in  the  arrange- 
ment of  the  camera,  the  plate  must  be  adjusted  accordingly. 
In  the  copying  of  natural  objects,  it  will  be  found  that  the  less 
refrangible  colors,  from  green  to  red,  inclusive,  send  for.h  no 
chemical  rays,  and  therefore  make  no  impression  upon  the  sen- 
sitive surfaces  which  are  employed,  and  pixxluce  no  picture. 
Figures,  therefore,  of  green,  yellow,  and  red,  have  of  late  years 
been  very  genemlly  introduced  for  the  purpose  of  preventing 
th3  counterfeiting  of  government  and  other  notes.  In  the  tak- 
ing of  photographs,  it  is  not  always  the  brightest  day  that  is 


VSl.  Why  must  attention  T>e  paid  to  the  chemical  nys  of  gunlight  in  adjusting  the 
camera?  What  is  the  advantaiifo  of  introducing  colored  fli;urefl  into  banic  notes?  Why 
Ifl  the  brightest  d.iy  not  necessarily  favorable  to  photography  ?  Why  are  the  windowtt  of 
photogrApaie  artists  glazed  wita  blue  giant! 
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the  most  favorable,  on  account  of  the  predominance,  on  such 
days,  of  the  yellow  rays ;  and  for  the  same  reason,  the  autumn, 
— when  such  hues  pretlominate  in  the  landscape, — is  not  favor- 
able for  pictures  of  natural  objects.  The  sensitive  plates  are 
a  faithful  uidex  of  the  light  of  the  atmosphere.  The  artist  will 
frequently  have  occasion  to  notice,  on  prolonging  his  labors 
until  the  evening,  that  a  sudden  diminution  of  the  sensibility  of 
the  plates  begins  to  take  place,  at  a  time  when,  perhaps,  but 
I'.ttle  difference  can  be  detected  in  the  brilliancy  of  the  light ; 
the  setting  sun  has  sunk  behind  a  cloud,  and  all  chemical  action 
is  soon  at  an  end.  If  the  light  is  at  all  of  a  yellow  cast,  how- 
ever bright  it  may  be,  its  chemical  powers  wQl  be  very  small. 
For  this  reason,  in  order  to  cut  off  the  yellow  and  red  rays 
which  may  be  reflected  from  common  objects,  upon  those  which 
are  to  be  photographed,  it  is  usual  to  g^az^  the  windows  of  the 
apartment  with  blue,  or  violet  colored  glass.  This  imparts  a 
blue  tinge  to  all  the  objects  in  the  room,  and  at  the  same  time 
effectually  absorbs  the  yellow  and  red  rays  that  may  exist  in 
the  atmo-pherc ;  thus  the  object  to  be  photographed  emits  a 
larger  proportion  of  chemical  rays,  and  its  outline  becomes 
much  more  distinct 

298.  All  gnrfaces  are  affected  by  the  enii'f  lifliit.  It  has 
been  seen  that  certain  substances  are  peculiarly  susceptible  to 
impressions  from  the  chemical  rays  of  ihe  solar  beam;  but  it 
has  been  ascertained  that  the  sun's  rays  can  hai'dly  fall  upon  a 
surface  of  any  kind  without  producing  a  molecular  change,  and 
leaving  a  permanent  impression.  If  an  engravuig,  which  has 
for  some  time  been  kept  in  the  dark,  be  exposed  tt>  the  sunlight 
upon  one-half  of  its  surface,  while  the  other  is  covered,  and 
then  be  removed  to  a  dark  ixx)m,  and  a  piece  of  prepared  pho- 
tographic paper  laid  upon  it,  the  part  of  the  engraving  which 
was  exposed  to  the  light  is  taken  upon  the  sensitive  paper, 
while  the  covered  part  produces  no  effect.  An  engraving  which 
has  been  subjected  to  the  action  of  the  sun's  rays,  and  tlien 
placed  in  the  dark,  will  reproduce  an  image  of  itself  upon  pho- 
tographic paper,  at  the  distance  of  quarter  of  an  inch,  without 
contact.  Indeed,  one  object  can  hardly  touch,  or  approach 
another,  without  producing  some  impression  upon  its  surface. 
The  effects  exerted  upon  bodies  by  the  action  of  sunlight  are 

29S.  Do  the  cheitilml  rayg  of  the  pnnbc*im  produce  an  impredsion  npon  any  exrept 
spcciiilly  prepared  surfAces?  Uo\r  is  this  illnstratcd  in  the  enne  of  an  engraTtng  expoKcd 
to  the  light  and  carried  into  a  darlcened  rooni  ?  What  effect  \n  produced  upon  thn«  In- 
fluences of  li;^t  during  tLe  night  ?  Li  a  period  of  darkness  esMntial  to  the  uonual  con- 
ditioa  of  matter? 
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obliterated  during  the  night,  and  a  period  of  darkness  seems  to 
be  essential  to  restore  the  normal  condition  of  all  the  various 
forms  of  matter. 

299.  The  relations  of  the  rairs  of  Beat,  Xii^hty  and  chemi- 
cal effect  in  the  8olar  8pectram>  It  is  thought  that  the  undula- 
tions which  give  rise  to  the  sensation  of  heat,  ai-e  slower 
than  those  of  light  and  chemical  influence,  but  that  all  are  pro- 
duced by  the  exceedingly  rapid  vibrations  of  the  molecules  of 
bodies,  communicated  to  the  particles  of  an  all-pervading  eiher, 
and  carried  along  by  it  with  wonderful  celerity.  The  slowest 
and  longest  of  these  vibrations  cause  undulations  of  a  low  de- 
gree of  refirangibility,  which  produce  the  sensation  and  other 
effects  of  heat ;  as  they  increase  in  speed,  the  degree  of  refran- 
gibility  is  increased,  and  the  intensity  of  the  heat  a^so  aug- 
mented ;  as  the  vibrations  become  more  frequent,  the  refrangibility 
is  still  further  increased,  and  the  effect  of  dull  red  light  produced. 
By  a  still  further  increase  in  speed,  the  heating  effect  is  dimin- 
ished, refrangibility  is  still  more  increased,  and  the  effect  of 
bright  red  light  produced.  By  a  still  further  increase  in  speed, 
the  effect  of  heat  altogether  ceases,  the  red  brightens,  and  parses 
into  the  orange,  and  from  orange  to  yellow,  where  the  maximum 
effect  of  light  is  attained.  The  speed  of  the  undulations  rising 
still  higher,  the  effect  of  light  is  diminished,  the  yellow  passes 
into  the  green  and  blue,  refrangibility  is  still  further  increased, 
and  chemical  effect  first  begins  to  show  itself.  This  increases 
rapidly,  as  the  blue  parses  into  violet,  and  attains  its  maximum 
a  little  beyond  that  end  of  the  spectrum ;  after  which,  this  effect 
also  diminishes,  and  the  vibrations  probably  cease  altogether. 
The  conversion  of  heat,  light,  and  chemical  power,  into  each 
other,  is  thus  seen  to  be  simply  a  change  in  the  rate  of  undu- 
lation. The  conversion  of  these  forces  into  ordinary  motion, 
and  their  production  from  it,  are  also  seen  to  be  readily  expli- 
cable as  a  mere  change  of  the  mode  of  motion,  affording  another 
illustration  of  the  con ver ability  of  Forces. 

\ 
Ezparimentsi    Uffht. 

1.  The  Ignition  of  eoUdu  Is  a  source  of  light ;  this  mav  be  shown  by  settlrg  fire  to  a 
Jpt  of  hydrogen  gas,  and  iotroduciDg  into  the  flame,  which  is  almoet  inrisible,  a  piece  of 
platinum  wire ;  the  light  is  at  once  greatly  increaM>d.  Introduce  fine  iron,  steel  and 
copper  wire ;  a  piece  of  glass  tube ;  the  finely  sharpened  end  of  a  piece  of  porcelain, 

299.  IIow  do  the  ethereal  ribrations  which  produce  heat,  compare  in  rapidity  with 

those  which  produce  light  and  chemical  influence?    Trace  the  gradual  pamage  of  the 

nys  of  heat  into  those  of  light  and  chemical  effect.    May  these  forces  be  regarded  as 

only  different  rates  in  the  motion  of  the  moleeoles  of  matter?  . 

12* 
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chalk  And  marble;  shake  some  calcined  magnesia,  and  powdered  charrool,  tbronch  the 
flaiue ;  In  every  case  there  is  a  great  1nci«a«e  In  the  brilliancy  of  the  light.  The  h}  drngcn 
may  be  prepared  by  pouring  sulphuric  acid,  diluted  with  five  times  its  volume  of  water, 
and  allowed  to  cool,  upon  granulated  sine  in  a  glass  flask,  fitted  with  a  cork,  through 
which  passes  a  glass  tube,  drawn  out  to  a  fine  nosxle.  The  gas  must  be  allowed  to  etKspe 
from  tue  nozile  for  at  least  five  minutes  before  lighting,  in  order  to  completely  expel  the 
atmospheric  air«  otherwise  there  will  be  an  explosion. 

2.  Galvanic  electricity  is  a  source  of  light ;  this  may  be  shown  by  binding  a  piece  of 
well  burned  charcoal,  or  prepared  carbon,  to  each  of  the  wires  attached  to  the  poieK  of  a 
battery  of  12  Orove^s  cups,  bringing  the  points  near  enough  for  the  current  to  pau, 
and  then  drawing  the  charcoal  points  slowly  apart  to  a  short  distance ;  the  light  is  very 
yivid. 

3.  CrystalUatlon  Is  a  source  of  light ;  this  Is  best  seen  by  dissolving  transparent  aiFcn- 
ious  acid,  or  common  arsenic,  in  bnilii.g  chlorohydric  acid,  nnUl  a  saturated  solutk>n  is 
made,  and  then  allowing  it  to  cool  in  a  darkened  room ;  a  flash  of  light  may  be  seen  to 
accompany  the  deposition  of  each  crystal 

4.  Chemical  action  is  a  source  of  light ;  this  will  become  apparent  from  many  of  the 
experiments  which  are  to  Ibllow,  especially  the  burning  of  phosphorus  in  oxygen. 

6.  The  Uw  of  the  reflection  of  light  may  be  shown  in  tt»  same  way  as  that  of  the  r»> 
flection  of  heat.    See  experiment  30,  page  78. 

6.  The  reflection  of  light  may  also  be  shown  by  the  large  parabolic  mirrors ;  see  §  75,  p. 
b\.  If  one  of  these  mirrors  be  placed  opposite  to  the  sun,  a  spot  of  extremely  ii^teura 
light  and  heat  will  be  formed  in  its  focus ;  many  of  the  metals  will  be  made  red-hot,  and 
combustible  substances  inflamed. 

7.  The  refhiction  of  light ;  this  may  be  shown  by  a  large  double  convex  h*ns ;  alro  br 
a  solid  prism  of  flint  glass ;  or  still  more  effectively  by  a  hollow  prism  of  glass  filled  with 
bi-sulphide  of  carix>n. 

8.  The  solar  spectrum  may  be  displayed  to  the  best  advantage  by  allowing  a  beam  of 
snnligrht  to  enter  a  darkencMd  room  through  an  exceedingly  fine  stii,  in  the  manner  de- 
0cri*>ed  in  §  276.  and  receiving  the  spectrum  upon  a  screen  of  wliite  cotton  cloth,  place4 
at  a  distance  of  20  feet  from  the  prism. 

9.  The  different  heating  power  of  the  rays  may  be  shown  by  placing  a  very  delicate 
thermometer  successively  in  the  colored  spaces,  fhnn  the  violet  to  the  red,  and  finally  a 
little  below,  and  outside  of  the  red  ray. 

10.  The  different  illuminating  power  of  the  rays  may  be  ibown  by  boldhig  a  printed 
page  successively  in  the  dilfcrent  colors. 

1 1.  The  difleront  chemical  power  of  the  rays  may  be  shown  by  placing  slips  of  an- 
f^azed  white  paper,  that  have  been  dipped  in  a  colorlras  solution  of  nitrato  of  diver,  and 
Immediately  afterwards  in  a  solution  of  common  salt,  in  the  dark,  successively,  one  slip 
In  each  color,  ftom  the  red  to  the  violet,  and  beyond  the  violet,  for  about  one  minute 
each  ;  or  by  exposing  a  piece  of  prepared  paper  to  the  action  of  the  whole  spectrum. 
Sec  §§278  and  279. 

12.  The  power  of  sunlight  to  prodnce  chemical  combination,  may  be  shown  by  mix« 
Ing  equal  volumes  of  chlorine  nnd  hydrogen  in  a  small  glaffl  tube,  supported  over  mer- 
cury, in  the  dark,  or  diffUpe  dayl'ght,  and  reflecting  a  beam  of  sunli^t  upon  it  by  a 
mirror ;  only  a  small  quantity  of  the  gases  should  be  employed.  If  a  large  quantity  be 
H5cd,  the  mixture  should  bo  placed  in  a  bottle  of  white  glass,  in  a  xroodcn  box,  with  a 
movable  cover,  which  may  be  drawn  off  by  a  string  from  a  convenient  distance.  The  ex- 
plosion is  violent.  The  mode  of  preparing  these  gases  may  be  seen  by  referring  to  the 
experiments  under  each. 

1 3.  The  power  of  decomposing  carbonic  add,  Imparted  to  green  leaves  by  sanllgbt  maj 
be  shown  by  placing  a  thriving  plant  in  a  jar  of  carbonic  acid  gas,  and  exposing  it  to  the 
sunlight  for  some  days.  Test  the  presence  of  the  carbonic  add  at  the  beginning  of  the 
ex  >criment.  by  inserting  a  lighted  taper ;  it  will  be  extinguished.  Prove  the  convcrsi<m 
of  t'.ie  carbonic  acid  into  oxygen  at  the  close  of  the  experiment,  by  introducing  the  same 
taper,  rc-llghted ;  it  will  now  bum  with  iucroaned  brilliancy. 

14.  That  the  leaves  of  pUnts  emit  oxygen  in  the  sunlight,  may  be  shown  by  placing 
a  sprig  of  mint  in  a  white  glass  globe,  filled  full  of  spring  water,  and  then  inverted  In  a 
tumbler  of  water,  and  placed  in  the  sun ;  in  a  short  time  babbles  of  gas  will  collect, 
which  may  be  proved  to  bo  pure  oxygen  by  their  effect  on  a  lighted  taper. 

19.  The  effect  of  sunlight  on  cheiric  il  compounds,  may  hv  shown  by  pouring  a  llule 
•olution  of  common  salt  into  a  wine  glass  containing  a  solution  of  nitrate  of  silver,  and 
exposing  the  white  precipitate  to  the  action  of  the  sun ;  it  is  almost  immediately  black- 
ened. 

1 6.  The  dlflknent  chemical  effect  of  light  of  different  colors,  mar  be  shown  by  exposing 
sups  of  paper,  prepared  by  dipping  in  a  solution  of  nitrate  of  silver,  and  then  in  one  cf 
eommon  salt,  in  the  dark,  under  pieces  of  blue,  yellow  and  red  glass,  to  the  action  of 
sunlight.    The  eOoct  will  be  deddedly  the  greatest  uuler  the  blue,  and  leaatonder  the 
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17.  Fmunhofer^s  Unes  maj  readily  be  teen  hj  means  of  an  instrument,  arranged  as  in 
J  2^  or  by  the  Spectroecope.  §  286,  itubstttutfng  sanlight,  In  pbice  of  artiflcial  light 

18.  The  existence  of  chemical  substancee  in  ttaoies,  may  be  Mhovm  by  employing  the 
Spectroscope,  as  described  in  $$  286  and  286,  or  by  receiving  the  spectrum  on  a  screen, 
as  in  $  284. 

10.  The  conwrsion  of  tlie  bright  Unes  of  the  spectra  of  artiflcial  light  into  dark  lines. 
may  be  shown  by  forming  a  specttum  upon  a  scnen,  by  means  of  the  Spectroscope,  and 
the  light  of  a  powerftil  lamp,  and  noting  the  bright  double  sodium  line  in  the  orange ; 
this  is  due  to  tlie  anirersal  diffusion  of  sodium :  then  ignite  a  piece  of  sodium  in  a  small 

{»latinnm  spoon,  in  a  gas  burner,  placed  so  as  to  intercept  the  light  of  the  original  lamp 
n  it)  passage  into  the  Spectroecope,  and  the  bright  sodium  lines  of  the  spectrum  will  be 
at  once  converted  into  dark  lines.  The  same  experiment  may  be  tried  with  equal  effect 
with  potassium  and  other  metals. 

20.  The  daguerreotype  and  photograph  process  may  be  Ulnstrated  by  strictly  Ibllowing 
the  directions  contained  in  $$  298  and  294,  with  the  aid  of  a  good  camera  obscura,  tak- 
ing cue  to  protect  the  prepued  plates  carefully  ftt>m  the  action  of  diffused  light.  The 
proportions  of  the  solutions  reqmred  are  as  follows : 

1.  Collodion,— 6  or  6  grs.  of  gun  cotton,  to  1  oi  of  mixture  of  1  part  of  akohol  to  2 
of  ether,  then  add  2^  grs.  each  of  iodide  of  potassium,  and  iodide  of  cadmium. 

2.  Nitrate  of  Silver  Solution,^480  grs.  of  crystalliaed  nitrate  of  silver,  to  2  os.  of  water, 
jrith  addition  of  4  grs.  of  iodide  ijf  potassium,  or  cadmium. 

8.  Pvro-Oallie  Acid  Solution,—!  gr.  of  pyro-galUc  acid,  80  minims  of  alcohol,  80  min- 
ims of  glacial  acetic  acid,  2  gn.  of  citric  acid,  dbsolved  in  1  os.  of  water. 

4.  The  Hypo-Sulphite  of  Soda  Solution  should  be  saturated.  If  any  diOlculty  be  en- 
countered, further  mstructioa  ahouid  be  sought  tcom  some  experienced  photographer. 


CHAPTER  IV. 

THE   THIRB   CHEMICAL   AGENT: — ELECTRICITT. 

itatical  electricitt;  oaltamig  electricity;  electro-maginet- 

I8M;   maoneto-electricitt  ;    thermo-electricitt  ;   animal 

blectbigitt ;  tub  relations  of  the  chemical  aqent8. 

SI.  Statical  Blectricity. 

300.  Elactiicity.  The  third  of  the  three  great  imponder- 
able agients  by  which  the  action  of  chemical  affinity  is  controlled, 
and  which  is  either  produced  in  all  cases  of  chemical  action,  or 
has  a  powerful  effect  in  producing  them,  is  Electricity.  There 
are  two  different  states  in  which  electricity  is  manifested,  stati- 
cal and  galvanic  The  former  is  electricity  in  a  state  of  repose ; 
the  latter  is  electricity  in  movement*  Statical  electricity  is 
principally  produced  by  friction ;  it  accumulates  upon  the  sur- 
faces of  bodies,  and  exists  in  a  state  of  tension,  which  is  mani- 
fested by  sparks,  and  by  the  attraction  which  it  exerts.     Gal- 

aOO.  What  is  the  third  Imponderable?    In  what  two  states  does  it  exist?    Describe 
th«>m. 
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vanic  electricity  is  principally  produced  by  chemical  action ;  it 
£ow8  for  hours  in  a  steady  and  continuous  current;  and  is  particu- 
larly distinguished  from  statical  electricity  by  its  chemical  effects, 
and  its  connection  ^ith  magnetism. 

301.  The  nature  of  ZUectricitj.  There  are  two  hypotheses 
in  regard  to  the  nature  of  this  powerful  agent  analogous  to  those 
which  have  been  mentioned  in  regard  to  the  nature  of  heat  and 
light.  The  first  regards  it  as  an  exceedingly  8ubt.ile  fluid,  so 
light  as  not  to  affect  the  most  delicate  balances ;  moving  with 
immense  velocity,  and  per\'ading  all  substances.  Tlie  second 
regards  it  as  the  result  of  a  special  modification  made  in  the 
state  of  bodies,  depending  upon  a  peculiar  vibration  of  the  par- 
ticles of  matter  communicated  to  the  same  ether,  whose  undula- 
tions pi-oduce  heat  and  light  The  latter  theory  is  the  one  which 
is  now  generally  received.  The  full  discussion  of  all  the  phe- 
nomena of  electricity  would  require  a  volume,  and  it  properly 
forms  a  part  of  the  sciences  embraced  in  Natural  Philosophy. 
"We  are  concerned  with  it  here  only  fo  far  as  it  is  connected 
with  chemical  phenomena,  and  as  a  knowledge  of  its  fundamen- 
tal facts  is  necessary  to  the  full  understanding  of  the  various 
chemical  processes  which  are  soon  to  come  under  our  notice. 
The  subject  of  galvanic  electricity  is  of  more  importance  to  the 
chemist  than  that  of  statical,  and  our  attention  will,  therefore, 
be  chiefly  directed  to  it.  The  fundamental  facts  on  which  the 
whole  science  of  statical  electricity  is  founded  may  be  stated  in 
a  few  words. 

302.  The  fandamental  (acts  of  Statical  Electricity.  If  a 
piece  of  glass,  amber,  or  sealing-wax,  be  rubbed  with  the  dry 
hand,  dr  with  flannel,  silk,  or  fur,  and  then  held  near  small  light 
bodies,  such  as  straws,  hairs,  or  threads,  these  bodies  will  fly 
toward  the  glass,  amber,  or  wax,  thus  mbbed,  and,  for  a  moment, 
will  adhere  to  them.  The  substances  having  this  pow^r  of  at^ 
traction  are  called  electrics^  and  the  agency  by  which  this  power 
is  exerted  is  called  electncity.  Some  bodies,  Fuch  as  certain 
crystals,  exert  the  same  power  when  heated,  €md  others  become 
electric  by  pressure.  Although  these  are  the  simple  facts  on 
which  the  science  is  bnsed,  yet  electricity  exhibits  a  vast  num- 
ber of  curious  and  interesting  phenomena,  depending  on  the 
variety  and  kind  of  machinery,  and  the  quantity  of  the  electri- 

301.  Stat©  the  two  theorieH  in  regard  to  the  nature  of  electricity.  Which  \»  now  een- 
emlly  received? — 8^.  State  the  fundamental  &cta  of  electricity.  What  happens  when 
rIrw.  amber  and  waling-wax  are  rubbed,  and  brought  near  ^mall  pieces  of  piper  ?  When 
is  a  body  said  to  be  oxcit«d  with  electricity  ?    What  are  Iho  motit  cuuuuon  elootrica  ? 
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cal  influence  employed.  When  a  piece  of  glass,  or  other  elec- 
tric, has  been  rubbed,  so  as  to  attract  other  bodies,  it  is  said  to 
be  excited  with  electricity,,  or  electrified^  and  it  is  found  that  maoy 
substances  are  capable  of  this  excitement,  when  managed  in  a 
peculiar  manner.  The  most  common  arc  amber,  glass,  rosin, 
sulphur,  wax,  and  the  fur  of  animals.  ' 

303*  The  lources  of  Electricity.  The  principal  source  of 
electricity  for  experimental  purposes,  is  friction.  Whenever 
two  surfivces  of  any  kind  are  rubbed  together,  one  becomes  ex- 
cited with  negative,  the  other  with  positive,  electricity-  This, 
however,  is  only  a  special  case  of  a  much  more  general  law,  for 
it  has  been  found  that  when  the  equilibrium  of  the  molecules  of 
any  body  is  disturbed,  a  development  of  electricity  takes  place. 
The  mere  compression  of  many  crystals  is  attended  by  electric 
action.  A  crystal  of  Iceland  spar,  if  compressed,  exhibits  signs 
of  electrical  excitement,  which  it  retains,  sometimes,  hours  and 
days.  The  same  is  true  of  fluor  spar,  of  mica,  of  arragonite, 
of  quartz,  and  several  other  substances.  Sometimes,  elevation 
and  depression  of  temperature  are  sufficient  to  develop  electri- 
city. This  is  especially  true  of  the  mineral,  tourmaline.  If  a 
crystal  of  this  substance  be  gently  heated,  it  becomes  powerfully 
electrified  while  the  temperature  u  rising,  one  extremity  being 
positively,  and  the  other  negatively  excited.  When  the  tem- 
perature becomes  stationary,  the  excitement  ceases ;  as  the  crys- 
tal cools,  the  electric  excitement  returns,  but  the  polarity  is 
reversed ;  the  end  of  the  crystal  that  was  before  positive,  now 
becomes  negative.  The  temperature  should  not  rise  above 
300®.  The  electrical  excitement  of  the, crystal  may  be  shown 
by  its  power  of  attracting  and  repelling  light  substances  brought 
near  it.  Fracture  also  produces  electricity ;  this  may  be  shown 
by  suddeidy  breaking  a  stick  of  roll  sulphur.  The  rending  of 
crystab  along  the  line  of  clearage,  as  when  the  laminae  of  a 
sheet  of  mica,  or  talc,  are  quickly  separated  in  a  dark  room, 
is  attended  with  a  feeble  electrical  light  A  melted  sub-tance, 
in  the  act  of  solidifying,  is  often  electric  Melted  sulphur, 
solidifying  in  a  glass  vessel,  is  negatively  excited,  while  the 
gla^s  becomes  positive.  Ice  is  also  often  electric.  This  is 
probably  due  to  molecular  movements.  Chemical  action  always 
produces  electricity.  Electricity  is  also  developed  in  the  pro- 
cess of  combustion ;  carbon,  or  charcoal,  when  it  bums,  becomes 

8?3.  What  is  the  principal  nourc©  of  electricity?  To  what  is  electrical  etcitement,  in 
all  c.u*cs,  thought  to  be  duo?  What  U  the  cHect  of  compressing  crjstils?  Of  heiting 
and  cooling  tourmaliac?    Of  Iracture?    Of  ^lldidcation  of  sulphur?    Of  combustion  I 
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nogatively  electric,  Ayhile  the  carbonic  acid  wbich  it  forms,  i^ 
positive.  In  like  maimer,  hydrogen,  when  it  bums,  is  negative, 
wliile  the  watery  vapor  produced  by  it  is  positive.  It  is  said, 
al'O,  that  evaporation  is  a  source  of  electricity,  ]but  this  may  be 
regarded  as  a  case  of  chemical  €u;tion.  The  evaporating  sur- 
face is  negative,  while  the  vapor  is  positive.  The  atmosphere 
13  also  another  source  of  electricity,  not  only  during  storms,  but 
also  in  fine  weather.  Fogs,  ^now,  and  rain,  are  almost  always 
charged  with  positive  electricity.  The  clouds  are  also  commonly 
highly  positive.  In  general,  all  these  sources  of  electricity  may 
be  resolved  into  the  movement  of  the  molecides  of  bodies,  and 
their  violent  separation  j  all  then  become  oppositely  electrified. 
Thus  electricity,  like  light  and  heat,  may  be  considered  as  due 
to  motion. 

304*  Slactrical  Attraction  and  Repnlaion.  When  an  ex- 
cited electric,  like  a  rod  or  tube  of  glass,  which  has  been  vio- 
lently rubbed  with  a  piece  of  flannel,  is  presented  to  a  small 
ball  made  of  pith,  or  cork,  and  suspended  by  a  silk  thread,  the 
pith  ball  is  attracted  to  the  glass,  and  adheres  to  it  for  a  mo- 
ment, as  in  A,  I'ig,  114.     Soon,  however,  it  is  repelled,  and 

occupies  the  position  indi- 
Fig.  114.  cated  by  B.     If  now,  to 

this  piUi  ball,  thus  re- 
pelled, another  pith  ball 
be  presented,  this  is  first 
in  like  manner  attracted, 
and  then  repelled,  and  so 
on  with  a  succession  of 
similar  balls,  which  are 
each*  in  turn  attracted, 
and  repelled.  From  this 
experiment  we  draw  the 
following  conclusion,  that 
if  any  electric  be  excited 
by  friction,  it  will  first  at- 
tract, and  then  repel,  a 
light  substance  placed 
near  it,  and  that  this  light 
substance,  when  repelled, 
is  itself  in  a  state  of  elec- 

Of  evaporation  ?  AVhnt  ia  the  electrical  state  of  the  clonds?  What  Is  the  relation  of 
electricity  to  motion? — 304.  What  liappcns  whei  an  excited  gtam  rod  U  brought  nenr  a 
pith  ball?  When  a  aecond  pith  bjdl  is  presented  to  the  first?  What  coixcljikioa  do  we 
draw  fh>m  this  experiments 


Electrical  Attraction. 
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trical  'excitement  similKr  to  the  glass,  {>roTed  by  the  fact  that 
it  first  attracts,  and  then  repels,  another  light  body  placed  near 
it  A  metallic  rod  being  presented  to  the  electriiied  pith  ball, 
it  will  lose  its  excitement  and  return  to  its  natural  condition. 

305-  Two  bodies  similarly  electrified  repel  each  other.  If 
to  a  pith  ball,  thus  excited,  another  pith  ball,  excited  from  the 
same  piece  of  rubbed  glass,  be  presented,  they  will  mutually 
repel  each  other.  And,  in  like  manner,  if  a  rod  of  sealing-wax, 
or  sulphur,  be  violently  rubbed  with  a  piece  of  flannel,  and  then 
brought  near  to  a  pith  ball,  suspended  by  a  thread,  the  pith  ball 
will  at  first  be  attracted  by  the  sealing-wax,  and  then  repelled, 
and  will  be  found  to  have  become  excited  with  electricity,  simi- 
lar to  that  of  the  original  sealing-wax:  theh,  if  ix^  this  pith 
ball  thus  excited,  a  second  pith  ball  be  presented,  that  has  been 
excited  by  the  same  piece  of  rubbed  seaKng-wax,  we  shall  find 
thit  these  two  pith  balls,  which  have  derived  their  electricity 
from  the  same  source,  will  mutually  repel  each  other.  >^ 

306,  Two  bodiea  differently  electrified  attract  each  o^er. 
—Two  kinds  of  electricity^  Vitreous  and  Resinons.  But  if  to 
a  pith  ball,  excited  by  the  rubbed  fflass,  there  be  presented  a 
pith  ball  that  has  been  excited  by  a  piece  of  rubbed  seaUng^ 
tpoxy  the  two  will  mutually  attract  each  other.  Hence  we  con- 
clude that  while  bodies 
similarly  electrified  repel, 
bodies  differently  electrized 
attract  one  another.  We 
also  conclude  that  there  is 
an  apparent  difierence  be- 
tween the  electricity  pro- 
duced by  glass  when 
rubbed,  and  the  electricity 
produced  by  sealing-wax, 
and  it  is  usual  to  speak  of 
two  kinds  of  electricity, 
vitreous  and  resinous,  or 
positive  and  negative,  and 
they  are  often  denoted  by 
the  algebraic  signs  -f'  ^^^ 
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307.  The  electroscope. 

On    these    properties    is 


815.  What  Is  the  effiact  of  two  bodien  slmilarlj  etoctrifled  upon  each  other  ?— 806.  What 
•ff  et  hKwe  tiro  bodies,  dtflierently  electrified,  upon  each  other?  What  la  meant  by  thA 
■S^Dt  -I-  and  —  ?--807.  Describe  the  electroecope. 
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founded  the  instrument  called  the  Electroscope,  intended  to 
indicate  the  presence  of  electricity  in  any  body,  and  the  kind 
of  it.  The  two  bits  of  gold  leaf,  n,  n,  in  the  accompanying  Fig* 
115,  which  are  both  connected  with  the  brass  head  of  the  instru- 
ment, are  similarly  electrified  when  any  excited  electric  b 
brought  near  to  them,  and  repel  each  otiier  more  or  le.^s,  ac- 
cording to  the  degree  of  this  excitement  Let  A  be  a  ixxl  of 
electrified  sealing-wax,  brought  near  to  the  knob,  C ;  the  two 
bits  of  gold-leaf  will  be  electrified,  and  will  diverge  from  each 
other,  indicating  the  existence  of  electrical  excitement  in  a.  The 
kind  of  electricity  can  be  ascertained  in  the  following  manner. 
First,  electrify  the  gold  leaf  with  vitreous  electricity,  and  then 
see,  when  the  body  whose  electricity  it  is  wished  to  determine, 
is  brought  near  c,  whether  the  slips  continue  to  diverge,  or  come 
together ;  if  the  former,  the  electricity  is  vitreous ;  if  the  latter, 
it  is  resinous.  The  operation  of  this  instrument  will  be  more 
fuF.y  explained  hereafter.  .-*i^*w^**-  :*w-  . 
^'  308*  Conductors  and  Non-conductors.— Insolation.  If,  in 
the  preceding  experiments,  the  pith  balls  be  suspended  from 
metal  chains,  having  a  direct  metallic  communication  with  the 
earth,  none  of  the  above  phenomena  will  be  manifested,  for  the 
electricity  will  pass  off  into  the  earth  as  soon  as  it  reaches  the 
balls,  while  the  electrical  excitement  invariably  makes  itself  ap- 
parent if  these  be  suspended  from  silk  or  glass.  Hence  we 
conclude  that  some  substances  conduct  electricity  very  easily, 
and  do  not  permit  it  to  accumulate,  while  others  deny  it  a  pass- 
age. This  is  the  foundation  of  the  division  of  all  bodies  into 
conductors  and  non-conductors.  A  substance  is  said  to  be  in- 
sulated when  it  is  separated  from  all  direct  communication  with 
good  conductors  of  electricity  by  the  intervention  of  a  non-con- 
ductor, as  when  any  body  is  placed  upon  a  stool  with  glass  legs, 
or  a  metallic  rod  is  provided  with  a  glass  handle.     Ko  substance 

is  capable  of  being  permanent- 
^*S-  Ite.  ]y.  electrified  which  is  not  a 

^       non-conductor  itself,  or  made 
maUURodwiih  Glass  Handle,         SO   by  insulation.     Thu-sin 

Ftg,  116,  we  have  a  bit  of 
brass  rod  with  a  glass  handle,  and  notwithstanding  the  conducting 
power  of  the  metal,  in  consequence  of  its  having  a  glass  handle, 
it  will,  when  rubbed,  exhibit  all  the  ordinary  marks  of  electrical 
excitement.     All  substances  exhibit  electricity  when  rubbed, 

Sbov  how  th«  kind  of  electricity  may  bo  detected.— 808.  What  i>  meant  by  conduct- 
on  and  non-oonduct<nr8?    Bjr  insulation? 
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but  those  which  are  good  conductors  lose  it  iminediatelj ;  con- 
sequently, there  are  no  signs  of  electrical  excitement,  except  the 
escape  be  prevented  by  insulation.  The  metals,  charcoal,  plum- 
bago, water,  and  substances  containing  water  in  a  liquid  state, 
and  therefore  more  or  less  damp,  are  conductors  of  electricity. 
Glass,  resins,  sulphur,  diamonds  dried  wood,  silk,  hair,  and  wool, 
al>=o  the  air  and  gases,  are  non-conductors ;  but  these  are  often 
rendered  conductors  by  the  presence  of  water.  For  this  reason, 
in  damp  weather,  many  electrical  experiments  can  not  be  per- 
formed, because  of  the  deposition  of  mobture  upon  the  surface 
of  insulators,  and  the  good  conducting  power  imparted  to  air  by 
watery  vapor. 

309*  Vitreous  electricity  can  not  be  produced  without  a 
correspondent  amount  of  reginous  electricity,  and  vice  verta. 
When  two  sub.-tances  are  rubbed  together,  both  vitreous  and 
resinous  electricity  are  developed,  the  rubber  being  charged 
with  one,  and  the  substance  rubbed,  with  the  other;  and  the 
presence  of  both  may  be  made  manifest  if  the  two  substances 
in  question  are  insulated.  Thus,  if  a  glass  rod  be  rubbed  with 
a  piec^e  of  flannel,  while  the  glass  will  be  charged  with  vitreous 
electricity,  the  flannel  itself  will  be  charged  to  an  equal  degree 
with  resinous  electricity.  And  on  the  other  hand,  if  a  rod  of 
sealing-wax  be  rubbed  with  a  piece  of  dry  flannel,  while  the 
wax  will  be  excited  with  resinous  electricity,  the  piece  of  flan- 
nel will  be  charged  to  an  equal  degree  with  vitreous  electricity. 
It  is  impossible  to  produce  one  kind  of  electricity  without  at 
the  same  time  producing  an  equal  amount  of  the  opposite  kind. 
This  is  the  most  marked  peculiarity  possessed  by  electricity,  and 
this  is  the  reason  why  it  is  called  a  polar  force.  By  the  term 
polar  force,  is  meant  a  force  which,  whenever  it  is  produced, 
always  develops  an  equal  amount  of  force  over  against,  or  oppo- 
site to  itself,  just  as  the  poles  of  the  earth  are  opposite  to  each 
other.  The  peculiar  nature  of  a  polar  force  is  well  illustrated 
in  the  case  of  a  straight  bar  magnet,  or  a  common  magnetic 
needle,  while  one  end  is  excited  by  one  kind  of  magnetism,  and 
points  to  the  north,  the  other  end  is  excited  with  the  opposite 
kind  of  maj^etism,  and  points  towards  the  south ;  and  thef e 
two  magnetic  forces  are  mutually  attractive  of  each  other.  In 
like  manner,  if  one  end  of  an  insulated  cylinder  of  brass  bo 
kept  in  a  state  of  electrical  excitement  with  one  kind  of  electri- 

Mention  mme  of  the  best  conductora.  Some  of  the  best  non  conductow.  What  {s 
the  effect  of  damp  weather  on  electrical  experiments  ?— 309.  Can  vitreous  electricity  bo 
prroduced  without  the  manifestation  of  an  equal  amount  of  ncgatiTc  ?  Why  is  electricity 
oaUed  a  polar  force  ?    What  k  pieaul  by  the  term  polar  ?    Qiro  an  Ulustiatlon  of  this. 
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city,  the  other  extremity  will  be  excited  with  an  equal  amount 
of  the  opposite  kind.  This  polar  peculiarity  of  electricity  will 
become  more  apparent  as  we  proceed. 

310.  Induction  of  Blectricitj.  One  of  the  most  curious 
facts  connected  with  electricity  is,  the  power  that  a  highly  elec- 
trified body  has  of  throwing  all  other  bodies  near  it  into  a  sta*e 
of  electrical  excitement.  Thus,  an  electrified  glass  globe,  or 
other  body,  placed  in  the  centre  of  a  room,  will  produce  elec- 
trical excitement  in  all  objects  in  the  apartment,  and  if  they  be 
insulated,  sparks  may  be  drawn  from  them.  This  is  called  the 
induction  of  electricity.  When  careful  experiments  are  per- 
formed, it  is  found  that  if  the  body  in  question  be  charged  with 
vitreous  electricity,  it  will  induce  resinous  electricity  in  the  ex- 
tremities of  those  bodies  which  are  nearest  to  it,  while  vitreous 
electricity  will  be  manifested  on  those  ends  which  are  the  most 
remote.    This  is  illustrated  by  Fig.  117.    Let  a  be  a  rod  of 

glass,  poshively  elec- 


Fig.  117. 


Induction  of  Eleetricity. 


trified,  and  let  it  be 
brought  near  the  me- 
tallic cylinder,  b,  in- 
sulated upon  a  stand 
of  glass.  B  will  im- 
mediately begin  to 
give  signs  of  electri- 
cal excitement,  and 
it  will  be  found,  on 
examination,  that  the 
end  of  B  nearest  A 
will  be  negatively, 
while  the  most  re- 
mote end  will  be 
positively  electri- 
fied. If  A  be  with- 
drawn, the  signs  of 
electrical  excitement 


In  B  will  disappear.  If  it  be  a^rain  brought  near,  they  will  re- 
appear. Should  a  connection  be  formed  between  the  remote 
end  of  B  and  the  earth,  the  positive  electricity  will  escape,  and 
B  will  then  contain  only  negative  electricity,  which  will  remain 
afler  a  is  withdrawn.     B  is  then  left  negatively  electrified  upon 

810.  Whni  in  mmat  by  the  Indactton  of  el<K;»ririty  ?  Is  the  electricity  induced  ctf  th% 
«in^e  kiml  lui  that  of  the  exritiNl  body?  Explain  Fig.  117.  Ib  it  possible  to  electrily  % 
body  without  the  actuid  contact  of  the  excited  Bobstance? 
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it3  insulatecl  8*and,*and  if  any  body  be  now  brought  near  to  it, 
the  negative  elecfrieity  will  escape  with  a  spark.  Thus  an  elec- 
trified boJy  drives  off  electricity  of  the  saoie  kind,  and  puts 
bodies  near  it  in  an  electrical  condition  opposite  to  itself.  The 
polar  relation  of  the  positive  or  vitreous  electricity,  and  the 
negative  or  resinous  electricity,  at  the  opposite  extremities  of 
the  cylinder,  b,  is  apparent ;  and  also  the  fact  that  one  kind  of 
electricity  can  not  be  .developed  without  a  corresponding  devel- 
opment of  the  other. 

311.  Tho  intervention  of  iolid  matter  no  obstacle  to  Indno- 
tion>  This  effect  takes  place  even  through  glass  and  metallic  ob- 
stacles placed  in  the  way.  Thus,  in  Fig.  117,  if  a  plate  of  gla-s 
were  held  between  the  rod,  A,  and  b,  the  effect  would  be  the 
same.    And  so^  in  Fig.  118,  if  a  be  a  metallic  disk,  insulated 

upon    a    glass 
Fig.  118.  stand,  B  be  a 

plate  of  glass, 
and  c  be  an- 
other metallic 
disk,  and  if  A 
be  electrified 
positively  by 
an  electrical 
machine,  c  will 
be  immediately 
electrified  also, 
through  the 
gla'^s,  B,  which 
will  oppose  BO 
.  impediment  to 

Solid  Matter  no  obstacle  to  Induction,  (be  prOCeSS,and 

the  right  side  will  b^  charged  with  positive  electricity,  while 
the  left  side  will  be  negative.  If  c  be  now  touched  on  the 
right  side  with  the  finger,  its  positive  electricity  will  escape, 
and  it  will  remain  negatively  electrified,  as  represented  in  the 
figure.  If,  instead  of  using  two  disks,  we  paste  a  piece  of  tin 
foil  on  one  side  of  a  frame  of  glass,  leaving  a  margin  of  an  inch 
on  every  side,  and  on  the  other  side  a  similar  piece  of  tin  foil, 
and  electrify  that  on  one  side,  the  foil  on  the  other  side  will  be 
charged  with  the  opposite  electricity,  if  a  connection  be  formed 
between  it  and  the  ground.     Or,  if  a  bottle  be  filled  with  cop- 

811    Show  that  the  intervent'on  of  a  iolld  body  is  no  obstacle  to  hidactioii.    Beecribo 
Fig.  118.    Show  hovf  induction  openCes  ia  the  cue  of  the  electioeeope. 
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per  loaf,  or  have  tin  foil  pasted  on  the  inside,  and  the  outside  be 
covemd  with  tin  foil  extending  over  the  bottom,  and  three- 
fourths  of  the  body  of  the  bottle,  and  a  connection  be  formed 
between  the  inside  and  an  electrical  machine,  the  outer  side 
will  also  be  electrified  with  the  opposite  electricity.  This  is 
the  arrangement  of  the  famous  Leyden  jar.  In  the  case  of 
the  Electroscope,  Fig.  115,  the  rod  a,  of  sealing-wax  being 
negatively  electrified  when  brought  near  to  c,  induces  in  the 
knob  positive  electricity,  as  is  seen  in  the  figure,  and  negative 
electricity  in  the  leaves  of  gold ;  but  both  being  similarly  elec- 
trified, they  repel  each  other  in  proportion  to  the  degree  of  elec- 
trical excitement  in  a,  until  they  touch  the  metallic  slips,  a,  a, 
on  each  side  connected  with  the  earth.  At  the  moment  of  con- 
tact, the  negative  electricity  escapes,  and  there  is  nothing  but 
positive  electricity  left  in  the  knob,  c,  and  the  leaves.  At  first, 
these  fall  together,  but  almost  immediately  begin  to  repel  each 
other  under  the  influence  of  the  positive  electricity  with  which 
they  are  now  both  affected. 

3ia.  The  theory  of  Induction.  The  difference  between  the 
conduction  and  induction  of  electricity  consists  in  the  mode  in 
wh'ch  the  electrical  influence  is  propagated  from  atom  to  atom, 
through  bodies,  so  as  to  exert  an  effect  at  a  considerable  distance. 
If,  when  an  electrified  body  is  brought  near  to  a  body  which  is  in 
its  natural  state,  there  be  an  instantaneous  passage  of  the  electri- 
city through  the  particles  of  the  second  body,  the  process  is  sjiid 
to  be  conduction^  and  the  body  in  question  is  called  a  good  con- 
ductor. If,  however,  there  is  not  an  instantaneous  transmission 
of  the  electrical  influence  through  the  particles  of  the 
Fig.  119.  second  bodyj  but  a  certain  amount  of  resistance  of- 
fered to  the  passage  of  the  electricity,  the  particles 
become  polarized  by  induction ;  and  as  each  particle 
that  is  electrified  induces  electricity  in  those  near  it, 
Q  Q  Qa  ^^^  throws  them  into  a  polar  state,  the  effect  may 
Q  Q  Qh  ^®  propagated  to  a  great  distance.  This  is  well 
O  Q  O  illustrated  in  Fig.  119.  Let  P  represent  any  body 
^  r\j  charged  with  positive  electricity,  and  abed  rows  of 
W  y  i^A     particles  of  air,  intermediate  between  p  and  a  second 

©conductor,  n.     Air,  as  we  know,  is  a  poor  conductor 
of  electricity,  and  opposes  some  impediment  to  its 
passage;  consequently,  the  particles  of  air  between 
ind^ion.     P  and  N,  all  become  polarized ;  i.  e.,  their  electrical 

312.  state  the  theory  of  induction.    Show  that  it  is  accompUahed  by  a  prooesB  of 
polarimtion.    D«acribo  Fig.  il9. 
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Fig.  120. 


State  13  disturbed,  and  the  negative  electricity  in  each  is  drawn 
towards  the  positively  charged  body,  p,  while  the  positive  elec- 
tricity in  each  particle  is  driven  to  the  opposite  pole  and  turned 
toward"*  the  conductor,  n.  The  body,  n,  is  also  similarly  affected, 
its  negative  electricity  being  strongly  attracted  towards  the  posi* 
live  electricity  of  the  particles  in  d,  immediately  contiguous  to 
it,  and  its  positive  electricity  being  repelled  to  the  greatest  pos- 
Bible  distance.  This  state  of  things  will  continue  as  long  as  p 
remains  in  its  position ;  but  if  that  body  be  removed,  the  state 
of  polar  tension  will  cease,  and  the  electricity  of  n,  and  the  par- 
ticles of  air  will  return  to  its  natural  state. 

313a  Electricity  confined  to  the  external  snrface  of  Bodios* 
This  may  be  proved  by  the  following  experiment  devised  by  Cou- 
lomb.    A  hollow  sphere  of  brass.  Fig.  120,  is  mounted  upon  a 

stand  of  glass,  and  pierced 
with  a  circular  apertilre. 
It  is  highly  electrified  by 
contact  with  an  electrical 
machine,  and  its  inner  sur- 
face is  touched  by  a  stick  of 
glass  or  gum  lac,  tipped  with 
a  small  bit  of  brass,  c.  This 
piece  of  brass  is  then  applied 
to  the  gold  leaf  electroscope, 
Fig,  115,  and  no  divergence 
of  the  leaves  can  be  observed. 
The  bit  of  brass  is  next  ap- 
plied to  the  outside  surface  of 
the  globe,  and  then  to  the 
same  electroscope,  when  a 
manifest  divergence  of  the 
leaves  is  seen.  Hence  we 
conclude  that  there  was  no 
accumulation  of  electricity 
except  upon  the  outside  sur- 
face. This  fact  may  be 
proved  by  other  experiments  of  a  still  more  satisfactory  charac- 
ter. It  is  found,  also,  that  smoothness  of  the  external  surface 
has  a  great  effect  in  retaining  electricity  and  preventing  it  from 
escaping,  while  points  and  shaip  edges  greatly  favor  its  escape. 
For  this  reason  the  prime  conductors  of  electrical  machines,  and 

3r.3.  Skor  that  electricity  in  confined  to  .the  external  surface  of  bodic*.    What  is  the 
effect  of  the  moottiness  and  roughness  of  surftces  on  the  escape  of  eiecMcity  ? 


Eiectrieity  confined  to  tht  SurJiuA 
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all  the  parts  of  Leyden  jars,  should  be  made  as  smooth  as  f  os- 
sible.  On  the  same  principle,  perfectly  smooth  surfaces,  brought 
near  to  highly  charged  electrified  bodies,  receive  electricity  from 
them  with  great  difficulty  and  always  with  a  spark  and  shock, 
while  edges  and  points  will  receive  it  from  a  distance,  and 
silently,  without  either  spark  or  noise.  This  is  the  principle  on 
which  lightning  rods  are  constructed.  They  disarm  the  highly 
electrified  clouds  from  a  distance,  noiselessly  and  quietly.  • 
These  rods  were  first  set  up  by  Dr.  Franklin,  shortly  after  ho 
made  his  great  discovery  of  the  identity  of  lightning  and  elec- 
tricity, by  means  of  a  kite  raised  in  a  thunder  storm,  in  the 
neighborhood  of  Philadelphia. 

314.  Theories  of  Electricity.  Two  different  theories  have 
been  proposed  to  account  for  the  phenomena  of  electricity,  that 
of.  Dr.  Franklin,  and  that  of  Dufay.  To  account  for  electrical 
phenomena.  Dr.  Fmnklin  supposed,  as  above  stated,  that  all 
terrestrial  things  had  a  natural  quantity  of  that  subtile  fluid,  but 
that  its  effects  became  apparent  only  when  a  substance  contained 
more  or  less  than  the  natural  quantity,  and  that  this  state  is  pro* 
duced  by  the  friction  of  an  electric  Thus  when  a  piece  of  glass  la 
rubbed  by  the  hand,  the  equilibrium  is  destroyed,  in  consequence 
of  the  electrical  fhiid  passing  from  the  hand  to  the  glass,  eo  that 
now  the  hand  contains  les.^  and  the  glass  more,  than  their  ordi- 
naiy  quantities.  These  two  states  he  called  positive  and  j?^^a- 
tive^  implying  the  presence  and  absence  of  the  electrical  fluid. 
If  now  a  conductor  of  electricity,  such  as  a  piece  of  metal,  be 
made  to  touch  a  positive  body,  or  brought  near  it,  the  ac- 
cumulated fluid  will  leave  this  body  and  pass  to  the  conductor, 
which  will  then  contain  more  than  its  natural  quantity  of  ihe 
fluid.  But  if  the  conductor  be  made  to  touch  a  negative  body, 
then  it  will  impart  a  share  of  its  o^\ti  natural  quantity  of 
the  fluid  to  that  body,  and  consequently  will  contain  less  than 
usual.  Also,  when  one  body,  positively,  end  another  nega- 
tively electrified,  are  connected  by  a  conducting  substance,  the 
fluid  rushes  from  the  positive  to  the  negative  body,  and  the 
equilibrium  is  restored.  This  theory,  originally  invented  ly 
Dr.  Franklin,  will  account  satisfactorily  for  nearly  every  elec- 
trical phenomenon.  There  is,  however,  another  theory,  thai  of 
Dufay,  wh'ch  is  also  very  generally  received.  This  theory  sup- 
poses that  there  are  two  kinds  of  electricity,  which  are  termed 
the  vitreous  and  resinous,  correspond'ng  with  the  positive  and 

Fxpkln  the  principle  of  the  Ughtningroa.-^14   What  to  the  theoiy  of  Fnoklin  ?    Of 
Pu&y  ?    Which  is  preferred  ? 
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negative  of  Franklin.  This  supposition  is  foanded  on  {he  fact, 
that  when  two  pith  balls,  or  other  light  bodie^s  near  together,  are 
both  touched  by  an  excited  piece  of  glass,  or  sealing-wax,  they 
repel  each  other.  But  if  one  of  the  balls  be  touched  by  the 
g1as3,  and  the  other  by  the  wax,  they  will  littract  each  other. 
Hence,  Dufay  concluded  that  electricity  consists  of  two  distinct 
fluids,  which  exist  together  in  all  bodies ;  that  these  two  fluids 
attract  each  other^but  that  they  are  separated  during  the  excita^ 
ton  of  an  electric,  and  that  when  thus  separated,  and  transferred 
to  non-electrics»  as  to  the  pith  balls,  the  mutual  attraction  of  the 
two  electricities  causes  the  balls  to  rush  towards  each  other. 
The  electricity  corresponding  with  the  positive  of  Franklin,  is 
calh'd  vitreous,  because  it  is  obtained  from  glass,  while  the  other 
18  called  resinous,  because  it  is  obtained  from  wax  and  resin. 
In  respect  to  the  merit  of  these  two  theories,  we  can  only  say 
here,  that  while  Franklin's  is  the  mo£t' simple  and  accounts 
equally  well  for  nearly  all  electrical  phenomena,  the  preponder- 
ance of  opinion  is  at  the  present  time  in  favor  of  the  theory  of 
the  polar  character  of  electricity.  It  is  regarded  not  as  a  fluid, 
but  as  a  force,  which  acts  at  the  same  moment  in  opposite  direc- 
tions. 

315.  BerelopsMBt  of  larsre  qnantitiefl  of  Xa6etrieity«-The 
Blectrical  3ttachine>  When  large  quantities  of  electricity  are 
desired,  it  is  obtained  by  means  of  the  friction  of  a  large  sur- 
face of  some  non-conducting  electric,  such  as  g'ass;  this  is 
accomplished  by  means  of  what  are  called  Electrical  Machines. 
There  are  two  kinds,  called  the  cylinder  and  plate  machines, 
depending  on  the  form  of  the  glass  used  to  excite  the  electricity. 
The  plate  machine  is  considered  much  the  best,  since  bo:h  sides 
are  exposed  to  electrical  friction,  while  in  the  cylinder  machine 
only  the  outside  can  be  excited.  The  plate  machine  is  repre- 
sented in  Fig.  121.  It  consists  of  a  plate  of  glass,  f,  p,  turning 
on  an  axis  of  wood,  by  the  handle,  m,  and  supported  by  a  frame 
fixed  to  a  platform,  also  of  wood.  On  opposite  sides  are  two 
cushions  of  leather,  made  to  press  against  the  plate  by  f  primes. 
From  D,  or  some  other  part  connected  with  the  rubbers,  a  rod  de- 
scends to  the  ground  as  a  conductor  of  electricity  to  the  machine. 
The  electrical  fluid  accumulates  on  the  surface  of  the  prime 
conductors,  c,  C,  which  are  insulated  by  glass  supports  in  order 
to  prevent  the  escape  of  the  fluid.  By  means  of  such  a  ma- 
chine, especially  i*^  the  cushions  are  covered  by  soft  mercurial 


815.  Describe  the  eleetrical  machine. 
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Vu  Etectrieal  Machine. 

amalgam,  large  quantities  of  electricity  may  be  collected. 
On  turning  the  plate,  sparks  are  seen  to  pass  from  its  surface  to 
the  prime  conductors,  being  attracted  by  sharp  points  of  brass 
wii'e,  which  issue  from  their  smooth  and  brightly  poli.hed  sur- 
faces. A  plate  of  two  feet  in  diameter  is  sutficient  for  all  ordi- 
nary purposes,  but  they  are  often  made  much  larger,  requiring 
the  strength  of  several  men  to  turn  them. 
.  316.  The  Xaeyden  Jar.  An  indi>pensable  companion  to  the 
electrical  machine  is  the  Leyden  Jar,  so  cidled  from  having 
been  invented  at  Leyden,  in  Holland.  It  depends  for  its  action 
f ■ 

S16.  Describe  the  Leyden  Jar. 


Digitized  by  VjOOQIC 


I 


THE    LEYDEN   JAR. 


8oa 


upon  the  principle  of  the  induction  of  electricity,  above  ex- 
plained. It  is  necessary  to  bear  in  mind  tliat  glass  is  no  impedi- 
ment to  the  induction  of  electricity  by  a  highly  charged  (electric. 
Tue  apparatus  is  delineated  in  the  accompanying  Fig,  122.  It 
consists  of  a  glass  jar,  coated  both  inside  and  out- 
Fig.  122.  side  with  tin  foil,  except  a  part  around  the  top,  as 
shown  in  the  figure.  The  inside  is  sometimes  also 
filled  with  gold  or  copper  leaf.  Through  a  var- 
nished wooden  stopper,  or  through  an  ordinary 
cork,  a  wire  having  a  knob  at  its  top  is  passed,  and 
extends  to  the  inside  coating.  Now,  if  either  posi- 
tive or  negative  electricity  be  communicated  to  the 
knob,  it  is  immediately  diffu5ed  over  the  whole  of 
the  inside  coating,  and  by  its  inductive  influence 
the  outside  coating  takes  on  the  opposite  kind. 
Leyden  Jar.  When  in  this  State,  the  two  coatings  being  oppo- 
sitely electrified,  the  jar  is  said  to  be  charged. 
The  more  the  inside  is  charged,  the  more  also,  and  to  the  same 
degree,  is  the  outside  also  charged.     In  this  state,  as  soon  as  a 

commun'cation  isestab- 
Fig.  123.  lished  between  the  in- 

side and  the  outside 
coatings,  the  two  elec- 
tricities being  mutually 
attracted,  rush  together 
with  a  bright  flash  and 
loud  report,  and  the 
equilibrium  is  at  once 
restored.  The  dis- 
charge may  be  effected 
through  a  short  metallic 
circuit,  as  in  the  accom- 
panying Fig.  123,  or 
through  a  long  chain,  or 
through  the  fingei*s,  or 
through  a  larger  part 
of  the  body,  the  outside  of  the  jar  being  grasped  in  one  hand, 
and  the  knob  touched  with  the  fingers  of  the  other  hand ;  or  in 
fine,  several  per-ons  may  form  a  circuit,  by  taking  hold  of  hands, 
and  the  one  at  one  extreme  touching  the  outside  coating,  while 
the  one  at  the  other  touches  the  knob.     All  will  feel  the  shock 


Dlseharg€  of  a  Leyden  Jar. 


How  may  it  be  discharged? 
13 
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at  the  same  instant.  It  is  Qsnal  to  charge  the  jar  from  ihe  elec*- 
trical  machine,  but  it  may  also  be  charged  from  the  Electro- 
phorus,  an  instrument  to  be  presently  described. 

317.  Mode  oi  char^^  the  Xaeyden  Jar*  While  the  jar  is 
receiving  the  charge,  it  must  not  be  insulated,  i.  e.,  the  outside 
must  communicate,  through  some  good  conductor,  with  the 
earth.  As  the  positive  fluid  collects  on  the  inside,  the  outside 
becomes  negative,  by  the  expulsion  of  the  positive  fluid  natu- 
ral to  it,  and  the  accumulation  of  the  negative  fluid  in  its 
stead,  drawn  from  the  earth.  But  if  the  outside  is  insulated, 
these  transfers  to  and  from  it  can  not  take  place,  and  therefore 
the  jar  can  not  become  charged. 

318>  The  theory  of  the  Xioyaen  Imr.  As  the  Leyden  jar  is 
charged  by  induction,  the  theory  of  the  process  is  the  same  as 
that  given  for  every  process  of  induction,  viz.,  that  it  is  accom- 
plished by  the  polarization  of  the  particles  of  an  imperfect  elec- 
trical conductor.     Let  No.  1,  in  Fig,  124,  indicate  a  section  of 

the  glass  side  of  a  Ley- 
Fig.  "'  -       -      -     - 


033< 

033( 
033( 
033t 
033( 


^^-  den  jar  in  its  natural 

or  uncharged  state;  aU 
the  particles  composing 
it  are  represented  as  in 
an  indifferent  electrical 
condition.  No.  2  rep- 
resents a  section  of  a 
similar  jar  in  its  chai*grd 
condition.  The  inside 
surface,  I,  having  been 
connected  with  the 
prime  conductor  of  an 
electrical  machine,  is  charged  with  positive  electricity.  The 
effect  of  this  has  been  to  expel  all  the  positive  electricity  from 
the  row  of  particles  nearest  the  inside  surface,  and  to  force  it  into 
the  next  row ;  this  has  compelled  the  positive  electricity  of  this 
row  to  take  refuge  in  the  third  row,  the  positive  electricity  of 
which  it  has  expelled  and  driven  into  the  fourth  row ;  and  this 
in  turn  has  been  compelled  to  escape  from  the  jar  by  the  agency 
of  the  conductor  connecting  it  with  the  ground,  leaving  the 
outside  of  the  glass  in  a  highly  excited  negative  state,  ^Yhile 
the  inside  is  maintained  in  a  highly  excited  positive  state  by  its 


Thiory  of  the  Leyden  Jar. 


817.  Why  can  the  Leyaen  Jar  not  b«  charged  If  It  be  tatfakted  ?-^lS.  State  the  theory 
of  Uxe  Le>Ueu  jur. 
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connection  with  the  electrical  machine.  Let  the  jar  be  now 
disengaged  from  the  electncal  machine,  and  the  two  surfaces 
thus  oppositely  excited  be  connected  through  the  agency  of  a 
metallic  conductor,  and  the  equilibrium  will  be  restored  by  the 
sudden  rush  of  the  two  charges  towards  each  other,  accompa- 
nied by  a  shock  and  a  spark  of  unusual  brilliancy. 

319.  The  Slectrophoms*  This  is  an  instrument  for  readily 
obtaining  small  quantities  of  electricity.  It  consists  of  a  plate 
of  resin  from  nine  to  twelve  inches  in  diameter  contained  in  a 
shallow  dish  of  metal,  and  a  metallic  disk,  A,  a  little  smaller 
than  the  plate  of  resin,  provided  with  a  glass  handle.  See  Fig, 
125.    To  charge  the  Electrophorus,  the  plate  of  resin  is  briskly 

Fig.  125. 


rubbed  with  a  piece  of  warm  dry  flannel,  or  struck  several 
times  with  a  dry  silk  handkerchief,  folded  up  for  the  purpose, 
or  by  the  skin  of  a  cat,  by  means  of  which  negative  electricity 
is  excited.  If  now  the'  plate  of  metal  be  brought  down  upon 
the  resin,  its  lower  surface,  under  the  influence  of  induction, 
will  become  po=?itive,  while  its  upper  surface  will  be  negative. 
Let  the  upper  surface  be  now  touched  with  the  finger.  Fig,  125, 

819.  DMcribo  the  electrophorus. 
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the  negative  electricity  will  be  withdra\^Ti,  and  the  plate  wilt 
become  wholly  charged  with  positive  electricity  to  such  a  degree 
that  sparks  can  readily  be  obtained  from  it.  This  electricity 
being  merely  the  result  of  induction,  the  resin  has  lost  none  of 
that  produced  by  the  original  rubbing,  and  the  process  may  be 
rejjeated  many  times  without  any  additional  friction.  This 
instrument  is  of  great  use  in  the  laboratory,  for  exploding  gase- 
ous mixtures.  ^<^ 

3S0.  The  Hydro- Electric  HEachine-  Electricity  may  alFO 
be  generated  by  the  friction  of  steam  of  very,  high  pressure 
against  the  sides  and  edges  of  an  aperture,  through  which  it  is 
violently  rushing.  The  apparatus  is  called  the  Hydro-Klectric 
machiue ;  Fig,  126.     A  strong  iron  boUer  and  furnace,  arranged 

Fig.  126. 


The  Hydroelectric  Maehlne, 


820   BoKTibe  the  hydro-«lectric  machine.    To  what  b  the  electricity  produced  by  tblg 
pTooen  really  due?  ^  r-  j 
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upon  the  plan  of  the  boiler  of  a  locomotive,  is  mounted  upon 
four  stout  glass  insulators,  well  varnished.  The  boiler  is  pro- 
vided with  a  safety  valve,  s,  and  with  a  gauge  for  showing  the 
water  level,  o ;  b  represents  the  smoke  chimney ;  a,  a  row  of 
apertures  for  the  escape  of  steam ;  c,  a  stop-cock,  commanding 
these  apertui-es.  The  apertures  are  all  lined  with  wood  or 
ivory,  and  are  each  provided  with  a  partition  nearly  closing  the 
passage,  for  the  purpose  of  increasing  the  friction  of  the  steam 
as  it  escapes ;  one  of  them  is  shown  in  section  at  m.  p  is  a  col- 
lection of  bright  metallic  points,  for  the  purpose  of  collecting 
the  electricity,  and  these  are  mounted  upon  a  movable  stand. 
The  pressure  of  steam  required  is  about  90  lbs.  to  the  square 
inch.  On  opening  the  stop-cock,  the  steam  rushes  out  with 
great  fury,  a  portion  is  condensed  into  globules  of  water,  and 
these,  as  they  are  carried  forward,  are  pressed  violently  against  the 
sides  of  the  apertures.  This  friction  decomposes  their  natural 
electricity,  the  negative  remaining  on  the  jets,  while  the  positive  is 
carricfl  out  by  the  steam  and  deposited  upon  the  conductor,  p.  The 
interior  of  the  tubes  plays  the  part  of  the  rubber  of  the  ordinary 
machine,  while  the  steam  acts  as  the  glass  plate.  Sparks  have 
been  obtained  from  this  machine  at  the  distance  of  22  inches. 

321,   The   effects  of 
Fig.  127.  Blectiicity.      These    are 

marked  and  powerful,  and 
may  be  classitied  as  Phys- 
iological, Luminous,  Calo- 
rific, Mechanical,  Chemical, 
and  Magnetic.  Tiie  shock 
produced  by  the  discharge 
of  a  Leydcn  jar  is  an  in- 
stance of  the  physiological 
effects.  The  bright  spark, 
and  the  flashes  of  light, 
that  may  be  drawn  from 
S  ^rfJhy         J        ^N.    /  ^he   electricjvl   machine   in 

V     ^^ — ^^  -^  the  dark,  show  its  luminous 

effects.  Its  calorific  effects 
may  be  shown  by  the  in- 
flammation of  gunpowder, 
and  of  alcohol,  when  a  powerful  discharge  is  passed  through 
them  from  the  Leyden  jar.  Fig,  127,  and  by  the  expansion  of 

821.  State  the  efllBcts  of  electricity. 


InflammtUion  of  Alcohol  by  Electricity. 
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air  in  a  confined  vessel,  Fig,  128. 
Fig.   128. 


The  expansion  is  indicated 
by  the  rising  of  the 
water  in  the  glass  tube, 
as  soon  as  the  discharge 
from  the  Le}den  jar 
takes  place.  Its  me- 
chanical effects  are  ex- 
hibited by  the  splitting 
of  plates  of  glass, 
through  which  a  charge 
is  transmitted,  by  the 
piercing  of  a  card,  Fig. 
129,  and  by  the  gen- 
erally destructive  results 
of  severe  lightning.  Its 
chemical  effects  are 
shown  by  the  decompo- 
sition of  many  com- 
pound bodies,  and  its 
powerful  influence  in 
determining  chemical 
combination.  When  a 
succession  of  electric 
discharges  from  a  pow- 
erful electric  machine 
is  sent  through  pure  water  contained  in  a  glass  tube,  by  means 
of  gold  or  platinum  conductors,  which  nearly  touch  each  other 
in  the  liquid,  the  water  is  decomposed,  and  resolved  into  its  two 
elements,  hydrogen  and  oxygen,  which  immediately  assume  the 
gaseous  state,  and  form  a  collection  of  gas  at  the  upper  end  of 
the  tube.  This  experiment  was  performed  in  1798,  in  Holland, 
and  it  conclusively  shows  the  power  of  electricity  in  effecting 
chemical  decomposition.  It  is  equally  efficacious  in  bringing 
about  chemical  combinations,  for  if  this  mixture  of  the  two  gases 
be  introduced  into  a  tube,  closed  at  the  upper  end.  Fig,  130, 
over  water,  so  arranged  that  an  electric  charge  can  be  passed 
through  it  by  means  of  the  wires  t  and  c,  and  one  single  spark 
be  transmitted,  the  oxygen  and  hydrogen  will  re-unite  with  a 
brilliant  flash  of  light,  great  commotion  result,  and  a  minute  por- 
tion of  water  will  be  formed.  If  the  end  of  such  a  tube  were 
to  be  corked,  and  then  the  tube  removed  from  the  water,  on  the 

GiTo  iUiutmtknu  of  theM  efbete. 


Expansion  of  Air  from  an  Eectric  Discharge, 
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Card  iSplit  by  an  JEUcUic  Discharge. 
Fig.    180. 


Oumieal  ^fect  of  EUctneitjf. 


passage  of  the 
spark,  a- loud  ex- 
plosion would 
take  place.  This 
is  by  no  means 
the  only  instance 
of  the  chemical 
power  of  this 
wonderful  agent 
Chlorine  and  hy- 
drogen  can  be 
tnade  to  unite  in 
the  same  manner, 
with  an  explosion 
forming  chloro- 
hydric  acid :  illu- 
minating gas,  and 


oxygen,  forming  water  and  carbonic  acid:  and  the  ssime  with 
many  other  gases.  Finally,  electricity  produces  powerful  mag- 
netic effects.  If  a  succession  of  strong  electric  shocks  be  trons- 
mitted  through  a  steel  needle,  it  becomes  a  permanent  magnet. 
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The  needle  should  be  placed  upon  some  non-conducting  mate- 
rial, on  a  plate  of  copper,  about  two  inches  in  len;?th,  and  at 
right  angles  to  the  course  of  the  current.  Both  chemical  and 
magnetic  effect  is  much  more  powerfully  exerted  by  the  galvanic 
curi-enL 

BxperlSMiits  i^Eleotrldty. 

1.  To  show  that  elcctrlcfty  nuy  be  excited  by  frlctloii,  rub  a  bit  of  amber,  a  glani  rod, 
a  stick  of  soillDg-xTax,  and  rod  of  sulphur,  with  a  piece  of  silk,  and  hold  each  in  turn 
neiir  a  pith  ball,  suspended  by  a  9ilk  thread  fhnn  an  insulated  book,  as  in  Fig.  114 ,  the 
bill  will,  in  every  case,  be  first  attracted,  and  then  repelled. 

2.  To  show  that  compression  produces  electricity,  (.ress  in  the  hand  a  piece  of  Ic«*land 
spir,  and  then  apply  it  to  the  electroscope.  Fig.  116 ;  the  le.Tet  will  immediately  d  verge. 
Rub  together  two  round  uncut  stones  o.  quartz,  cluJeedony,  and  cornelian,  and  a  stroug 
phosphoric  I'ght  and  odor  will  be  produced. 

3.  That  elevation  and  dimiuut  on  of  temperature  produce  electricity,  may  be  shown 
by  dipping  the  mlnenU  tourmaline  into  boiling  water,  and  then  applying  it  to  the  elcc- 
tro-tcope;  as  it  cools,  the  leaves  will  diverge.  This  will  cont  nue  during  all  the  time  of 
cooling,  and  one  end  of  the  crystal  will  exhibit  positive,  and  the  other  negative  el*<"tririty 

4.  That  fracture  produces  electricity  may  be  shown  by  suddenly  brraking  a  stick  of 
roll  sulphur,  and  applying  either  piece  to  the  knob  of  the  elcrtroscope.  or  holding  it  near 
a  pith  bill ;  also,  by  warming  a  piece  i^f  talc,  splitting  it  rapidly,  and  nolding  one  of  the 
pieces  near  the  electroscope ;  also,  by  splitting  mica,  and  ^-  doubling  a  large  card,  and 
tearing  it  across. 

6.  Melt  sulphur,  and  pour  it  into  a  wine  glass ;  both  will  become  electrifled. — the  std- 
phur  negatively,  and  the  glass  positively,  and  first  attract,  nnd  then  repel,  a  pith  ball. 

6.  To  show  that  electricity  i^  developed  in  the  process  of  combustion,  support  a  piece 
of  brass  upon  the  top  of  a  delicate  gold  lenf  electroscope,  in  such  a  way  that  one  end 
wU]  project  considembly  over  the  si Je  of  t  e  instrument;  then  take  a  cylindrical  piece  of 
c.iarcoal,  with  flat  en«l«,  2  inchw  high,  and  1  inch  In  diameter.  Place  this  piece  of  char^ 
coal  vertically  about  3  Inches  below  the  projecting  brass  plate.  The  charcoa  must  com- 
municate with  the  ground,  and  be  lighted  at  the  centre  of  the  upper  «nd,  taking  care 
that  the  Are  does  not  reach  t  e  sides.  A  current  of  cnrbonic  acid  gns  rises  and  strilic* 
against  the  plate,  and  in'  a  few  minutes  the  electroscope  will  show  signa  of  electric  ex- 
citement.   This  !.<<  a  delicate  experiment. 

7.  That  evaporation  produces  electricity,  may  be  shown  by  placing  a  small  tin  dish 
upon  the  top  of  a  gold  leaf  electroscope,  having  in  It  a  red  hot  coal.  Just  taken  fKtm  the 
fire  Sprinkle  a  few  drops  of  water  upon  the  coal  and  the  evaporation  will  at  once  cawe 
the  gold  leaveM  to  diverge.  This  will  not  succeed  either  with  charcoal  or  coke.  It  dooi 
best  with  a  hot  iron  putinto  the  water 

8.  To  show  that  hydrogen,  when  it  bums,  produces  electricity,  set  fire  to  a  Jet  of  hy- 
drogen, so  as  to  f  >np  a  flame  about  8  inches  in  length ;  then  pluce  a  coll  of  platinum 
wire  so  as  to  be  about  4  inches  distant  from  the  external  surfiice  of  the  flame,  then  let 
the  upper  extremity  of  the  coil  be  bent  so  as  to  touch  the  plate  of  the  electroscope,  and 
■igns  of  po5dtive  electricity  will  make  their  appearance. 

9.  To  show  electrical  attraction  and  repulsion,  perform  the  experiments  described  fai 
§  304 ;  also,  rub  a  glass  rod  with  a  piece  of  silk,  and  hold  it  near  small  pieces  of  paper, 
these  bits  will  be  first  attracted,  and  then  repelled. 

10.  To  show  that  bodies  similarly  electrified  repel,  and  differently  electrified  attract 
each  other,  electrifv  two  pith  balls  by  a  piece  of  excited  glass,  and  on  bringing  them  near 
each  other,  repulsion  will  take  place ;  electrify  one  with  a  glass  rod,  and  the  other  with 
a  stick  of  sealing-wax,  and  bring  them  near  each  other,  and  attraction  will  ensue.  These 
experiments  may  be  multiplied  indefinitely  by  means  of  the  e'ectrical  machine. 

1 1.  To  show  the  induction  of  electricity,  insulate  a  metallic  <onductor  upon  a  glass 
staid,  and  suspend  from  one  extremity  two  pith  balls  by  distinct  threads :  then  bring 
near  to  the  oppojilte  extrem  ty  an  excited  ghws  rod,  as  in  Fig  117.  and  it  will  be  found 
that  the  pith  balU  will  become  excited  with  positive  electricity,  and  repel  one  another; 
remove  the  glnss  roi,  and  the  pith  balls  will  immediately  return  to  their  natural  state ; 
bring  it  Imck  again,  and  the  electrical  excitement  will  lx>  restored. 

12.  If  the  insulated  conductor  be  touched  by  the  finger  when  excited  by  inductioa, 
a  spark  will  he  drawn  from  it,  and  the  pith  balls  will  collapse.  Bv  this  process  the  po*i- 
tife  oicctriclty  will  be  withdrawn,  and  only  negative  electricity  left  upon  the  condoctor, 
with  which  the  pith  balls  will  almost  immediately  become  changed,  and  again  repel  eadi 
other. 
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13.  Tf«nc  mptdl7  orer  a  bmnels  carpet,  on  a  cold  day  in  idnter ;  this  will  chargu  the 
carpet  with  electricity,  and  the  effect  will  be  to  electrify,  by  induction,  all  the  artlc.ej  in 
the  room ;  apply  the  hand  to  the  gas  flxbures,  and  a  spark  will  be  perceived ;  tliU  spark, 
If  made  to  pa«  through  the  corrtat  of  gw  iisuing  froui  too  burner,  will  be  sudicieut  to 
inflame  it.  All  persous  moving  upon  the  carpet  will  become  eletftrifled,  aui  communi- 
cate Bparka  to  those  who  enter  tho  room.  These  effect)  are  not  prevented  by  the  iatcr- 
Tentioa  of  glaM  screens  between  the  excited  electric  and  the  conductor  on  which  the 
•iectricity  Li  induced.    See  Fig.  118. 

1  ft.  An  amalgam  for  the  rubbers  of  the  eleetrical  machine  may  be  made  by  melting  ^ 
OS.  of  rino  in  a  ladle,  and  stirring  into  it  2  oz.  of  mercury  ;  when  cold,  pound  it  wita  a 
little  wax  or  grease,  and  then  spread  it  smoothly  upon  the  leather  with  a  hot  spatula. 

13.  The  electrical  machine,  for  succesaftil  action,  must  have  tho  plate  thoroughly 
cleaned,  be  well  dried  and  warmed,  the  rubbers  provided  with  fresh  amalgam,  and  tae 
prime  conductor  carefully  cleaned  from  dust ;  a  metillic  conductor  should  also  lead  from 
the  rubbers  to  the  ground. 

16.  The  principle  of  the  Leyden  Jar  may  be  shown  by  pasting  a  piece  of  tin  foil  npon 
each  side  of  a  pane  of  glass  to  within  an  inch  or  more  of  the  edge ;  fosten  a  thread  hold- 
ing  a  pith  ball  to  tho  tin  foil  on  each  side,  with  a  piece  of  wax ;  connect  one  coating  with 
the  ground,  and  touch  the  prime  conductor  with  the  other;  the  plate  of  g'.ass  will  be- 
come charged,  and  the  pkh  oalls  fly  out  to  some  distance ;  then  establish  a  connection 
between  tho  two  sides  by  a  bent  wire :  a  shock  wLl  iounedlately  pass,  and  the  two  bolls 
will  &11. 

17.  To  sliow  the  mechanical  effects  of  electricity,  repeat  the  experiment  incUcAted  in 
Fig.m. 

18.  To  show  the  heating  effect,  pass  an  electrical  charge  through  two  wires  nearly 
touching  each  other,  in  the  bulb  of  a  large  air  thermometer,  Fig.  45 ;  the  liqmd  will 
immediately  rise  in  the  tube. 

1 ).  To  show  the  physioloi^loal  efliDCt,  pass  the  shock  ftom  a  Leyden  jar  through  a  ciro 
ele  formed  by  several  perrons  Joining  liands ;  the  person  at  one  extremity  should  grasp 
the  outtdde  of  the  bottle  with  moistened  hands,  and  the  one  at  the  other  should  touch 
tlie  knob  with  his  moistened  finger.  The  Jar,  in  order  to  avoid  the  danger  of  failing, 
should  be  placed  firmly  upon  a  table. 

20.  The  chemical  effects  may  be  shown  bj  the  apparatus  indicated  in  Fig.  133 ;  also, 
1^  p-iflfling  a  spark  through  a  jet  of  hydrogen  issuing  fh)m  a  small  tube ;  or,  throug'a  a 
jet  of  common  illuminating  gas ;  also,  by  passing  a  succe^jdon  of  sparkd  over  a  piece  of 
paper  moistened  by  a  mixture  of  a  solution  of  icllde  of  potassium  and  common  starch ; 
the  iodide  is  decomposed,  i.Mline  is  set  free,  and  a  blue  color  struck  by  combination  with 
the  starch;  also,  by  passing  a  succession  of  sparlis  through  gold  or  platinum  wire»  i.i- 
Bcrted  in  a  tube  filled  with  water;  at  each  dischai^  bubbles  of  oxygen  and  hydrogen 
will  rise  from  each  wire ;  when  the  tube  is  filled  with  gas  so  as  to  expose  the  wires,  the 
next  shock  will  cause  the  recombinati(m  of  the  gjses  with  the  formation  of  a  small 
amount  of  water. 

2 1.  The  magnetic  effects  may  be  shown  by  twisting  a  fine  platinum  wire  into  »  spirel, 
inserting  a  fine  steel  needle,  wound  with  silk  thread,  in  its  axis,  and  passing  a  succession 
of  electric  shocks ;  the  needle  will  speedily  become  magnetic. 

For  a  more  complete  list  of  electrical  experiments,  the  student  is  xefened  to  a  small 
work  entitled  *'  Eleotrical  Experiments,  by  G.  Francis." 


§  ZZ.   Oalvaiiic  Electricity. 

r 

322.  Oalranic  Znectxicity-  This  is  the  name  given  to  thni 
peculiar  form  of  electricity  which  is  produced  by  chemical  ac- 
tion. It  is  generally  called  after  its  discoverer,  Galvani,  Gal- 
vanic Electricity,  or  Galvanism.  As  distinguished  from  Stati- 
cal Electricity,  it  is  called  Dynamical,  because  it  is  electricity 

822.  By  whcHu  was  galvanic  electricity  discovered  ?    Why  called  voltaic  ?    What  L»  tht 
diffezeiice  between  galvanic  and  stAtical  electricity  ? 
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in  action,  pro^ucm<i^  force,  and  flowing  like  a  current  It  is  al'-o 
sometimes  called  Voltaic  Electricity,  from  Volta,  one  of  its  most 
successful  investigators.  Galvanic  electricity  differs  from  stati- 
cal, in  this  respect,  that  the  latter  is  more  intense  in  its  cliarac- 
ter  and  effects,  producing  more  vivid  sparks,  and  giving  more 
violent  shocks;  while  (heformeris  produced  in  a  continuous  and 
steady  flow,  and  apparently  in  larger  quanthy.  This  difference 
will  become  more  manifest  as  we  proceed. 

323.  Discovery  of  Oalvanism.  The  discovery  of  galvanic 
electricity  was  made  by  Galvani,  the  Professor  of  Anatomy  in 
the  University  of  Bologna,  in  the  year  1790,  and  it  was  not 
known  to  exist  until  some  time  afler  the  most  important  princi- 
ples of  statical  electricity,  or  the  electricity  of  the  machine,  had 
been  well  established.  The  discovery  is  said  to  have  been 
made  in  the  following  manner.  It  happened  that  several  frc^ 
lay  upon  the  table  of  the  laboratory,  near  to  which  Gal  van  fs 
assistant  was  engaged  in  experimenting  with  an  electrical  ma- 
chine. While  the  machine  was  in  action,  the  assistant  acciden- 
tally touching  one  of  the  frogs  with  the  knife  which  he  held 
in  his  hand,  the  limbs  of  the  frog  became  suddenly  affected 
with  convulsive  movements.  ^  When  the  circumstance  was  re- 
ported to  Gralvani,  he  commenced  a  series  of  experiments  for 
the  purpose  of  discovering  the  cause  of  the  strange  phenome- 
non. With  this  view,  he  dissected  several  frogs  separating  the 
legs,  thighs,  and  lower  part  of  the  spinal  column,  from  the 
remainder,  so  as  to  lay  bare  the  lumbar  nerves.  He  then 
passed  copper  hooks  through  the  flesh  above  the  legs,  and 
suspended  some  of  them  by  these  hooks  from  the  iron  bar  of 
the  balcony  of  his  window,  in  order  to  ascertain  if  they  would 
be  affected  by  the  electricity  of  the  atmosphere,  and  found 
that,  whenever  the  wind,  or  any  other  accidental  cause,  brought 
the  muscles  of  the  leg  into  contact  with  the  iron  bar,  the  limbs 
were  affected  with  convulsive  movements,  similar  to  those  pro- 
duced by  the  sparks  taken  from  the  prime  conductor  of  the 
electrical  machin^. 

324.  dalvanis  Theory.  Galvani  imagined  that  he  had 
re  dbcovered  the  cause  of  muscular  contraction  in  living  ani- 
mals, and  ascribed  it  to  the  influence  of  electricity.  He  sup- 
posed that  this  animal  electricity  originates  in  the  brain,  and 
is  distributed  by  the  nerves  to  every  part  of  the  system ;  the 
different  parts  of  each  muscular  fibril,  he  believed,  were  in  oppo- 

(   323.  In  whAfc  manner  did  Qalvani  make  the  diwoTery  1—S2A.  State  his  theoiy. 
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Bite  states  of  electrical  excitement,  like  the  outer  and  inner  sur- 
face of  a  charged  Leyden  jar,  and  that  contractions  of  the  mus- 
cle take  place  whenever  the  electricity  is  allowed  to  pas^.  This 
discharge,  he  supposed,  was  made  during  life,  through  the  medi- 
um of  the  nerves,  and  in  his  experiments  by  means  of  the  cop- 
per hooks  and  the  iron.  Thus,  if,  as  represented  in  Fig,  131, 
the  spinal  cord  of  a  frog  were  touched  by  a  zinc  rod,  z,  to  the 


Galvani*s  Experiment. 


opposite  extremity  of  which  is  attached  a  piec^  of  copper  c,  and 
the  copper  wire  then  brought  into  contact  with  the  outside  of 
the  frog's  leg,  the  convulsive  movements  which  take  place  he 
supposed  were  owing  to  the  passage  of  the  electricity  from  the 
nerve  to  the  muscle,  through  the  metallic  conductors,  exactly 
as  a  Leyden  jar  is  discharged  by  a  curved  discharging  rod,  as 
ghown  in  Fig.  123.  These  views  were  very  generally  adopted, 
and  the  new  agent  passed  under  the  name  of  the  galvanic  Jluid, 
.     or  animal  electricity. 

y  325-  Correction  of  Oalvani's  theory  by  Volta-  Yolta,  a 
AsyCelebrated  Italian  philosopher,  and  then  professor  at  Como, 
'     afterwards  at  Pavia,  already  kndwn  by  his  invention  of  the 

825.  Giro  Volta's  collection  of  Galyanl's  theoiy. 
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electrophorus,  the  condensing  electrometer,  and  the  eudiometer, 
repeated  the  experiments  of  Galvani,  and  came  to  a  preci?ely 
opposite  conclusion.  He  found  that  the  convulsive  movementu 
of  the  frog  never  took  place  when  the  metallic  connector  was 
fonned  of  one  single  metal,  but  only  when  a  compound  con- 
nector was  employed,  composed  of  two  metals,  such  as  zinc  and 
copper,  as  represented  in  Fig,  131.  Hence  lie  concluded  that 
the  electricity  was  produced  by  the  contact  of  these  two  dissimi- 
lar metals,  and  that  it  was  the  nerve  and  the  leg  which  consti- 
tuted the  discharger;  precisely  the  reverse  of  the  opinion  of 
Galvani.  After  a  long  contest,  Volta  finally  established  his 
po  ition,  and  showed  that  when  two  metals  are  made  to  touch 
each  other,  they  become  excited,  the  one  with  positive,  the  other 
with  negative  electricity,  in  all  cases.  Thus,  when  a  piece  of 
silver  is  placed  upon  the  tongue,  and  a  piece  of  zinc  under  it, 
and  then  their  two  edges  are  made  to  touch  each  other,  there 
will  be  a  passage  of  electricity  from  one  to  the  other,  Avhich 
Avill  be  made  sensible,  not  only  by  a  peculiar  metallic  taste,  but 
al'O  by  a  slight  flash  of  light  before  the  eyes,  especially  if  these 
l:c  closed.  Again,  on  touchmg  the  knob  of  a  delicate  condens- 
ing electroscope",  containing  two  slips  of  gold  leaf,  as  in  Fig* 
115,  with  a  piece  of  polished  zinc,  the  leaves  diverge,  and  it 
ctm  be  shown  that  they  are  electrified  negatively.  This  leads 
to  the  conclusion  that  by  its  contact  with  the  zinc,  the  copper 
knob  of  the  instrument  becomes  charged  with  positive  electri- 
c  ty,  while  the  zinc  is  charged  with  negative.  The  quantity  of 
electricily  evolved  by  two  pieces  of  metal  being  very  small, 
Volta  tried  the  experiment  of  uniting  many  pieces  m  one 
series,  and  arranging  them  in  pairs,  with  a  conductor  between 
them,  and  found  that  the  electrical  influence  was  increased  iu 
projortion  to  the  number  of  plates  thus  combined. 

32C.  The  Voltaic  Pile.  These  experiments  finally  led  to 
the  construction  of  the  Voltaic  Pile,  the  wonderful  apparatus 
which,  under  the  name  of  the  Galvanic  Battery,  has  immortal- 
i.'.ed  his  name,  and  conferred  lasting  benefits  upon  man.  The 
Voltaic  Pile  consists  of  several  pairs  of  zinc  and  copper  plates, 
placed  one  upon  the  other,  with  discs  of  thick  fibrous  paper, 
moistene  I  with  a  solution  of  sulphate  of  soda,  placed  between 
e;ich  pair,  and  the  pair  immediately  above  it.  Thus,  first  we  have 
copper,  then  zinc,  then  paper ;  after  that,  copper,  zinc,  paper,  again. 


<\\vo  illiistmtionB  of  the  production  of  electricity  by  the  contact  of  two  metals. — 326. 
Pesoribc  f.c  Tnit«ir  pile-  llow  uMiy  sliocks  b©  token  from  thla  pile?  llow  xuajr  several 
pi  lea  U)  tuuuotUd  I 
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Fig.  185.  It  jg  quite  evident  that  this  order  being 

strictly  observed,  while  a  zinc  disc  termi- 
nates the  upper  end  of  the  pile,  a  copper 
disc  will  terminate  the  lower  end.  A 
wire  being  then  attached  to  the  extreme 
plate  at  each  end,  and  the  opposite  ex- 
tremities being  brought  together,  a  flow 
of  electricity  takes  place,  which  makes 
itself  manifest  by  a  faint  spark  when  the 
wires  are  separated,  and  also  when  they  are 
again  united.  The  power  of  this  pile  in- 
creases with  the  number  of  pairs  of  plates 
employed.  A  pile  composed  of  two  doz- 
en plates  of  each  metal  will  give  a  slight 
shock,  which,  when  taken  by  the  hands, 
may  be  felt  up  to  the  elbows.  The  mode 
of  receiving  the  shock  is  to  wet  the  hand-*, 
and  then  placing  one  of  them  in  contact 
with  the  zinc  plate  which  terminates  one 
end  of  the  pile,  to  touch  with  the  other 
hand  the  copper  plate  which  terminates 
the  other  end ;  or,  these  two  plates  may 
be  touched  with  wires  wound  with  wet 
rags,  and  held  one  in  each  hand.  When 
the  galvanic  current  is  to  be  passed 
through  any  substance,  this  is  done  by 
connecting  a  wire  with  each  terminating 
plate;  the  two  wires  are  then  brought 
near  each  other,  and  the  substance  being 
placed  between  them,  the  fluid  passes  from  one  wire  to  the  other, 
and  so  through  the  substance  in  question.  Any  number  of  these 
piles  may  be  connected  together  by  making  a  metallic  communi- 
cation between  the  last  plate  of  the  one,  and  the  first  plate  of 
the  other,  always  taking  care  to  connect  the  copper  end  of  each 
pile  with  the  zinc  end  of  the  preceding  pile.  In  this  manner, 
a  galvanic  battery  may  be  constructed,  the  power  of  which  will 
be  proportionate  to  the  number  of  plates  employed. 

327.  True  theory  of  the  File-  Volta  was  of  the  opinion 
that  the  mere  contact  of  the  two  dissimilar  metals,  zinc  and  cop- 
per, generated  the  electricity,  and  that  the  moistened  discs  only 
served  as  conductors  to  convey  the  electricity  generated  by  one 

827.  What  is  the  true  theory  of  the  pile? 


Tht  Voltaic  PiU. 
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pair  to  the  lower  plate  of  the  pair  immediately  next  it ;  and  8o 
on  through  the  whole  apparatus.  It  has  since,  however,  been 
conclusively  shown  that  the  sole  cause  of  the  electrical  current 
is  the  chemical  decomposition  of  the  saline  solution  by  the  zinc 
plates  employed.  In  all  cases  of  galvanic  action,  there  must  be 
a  liquid  composed  of  at  least  two  chemical  elements,  susceptible 
of  decomposition  by  one  of  the  metals,  and  not  by  the  other ; 
the  latter  metal  acting  only  the  part  of  an  electrical  cwiductor. 
388.  Chemieal  coiistitiition  of  the  lubstances  mod  to  pro- 
diico  Voltaic  Bleotricity.  Simple  chemical  action  of  one  sim- 
ple substance  upon  another,  such  as  bromine  upon  iron,  is  not 
sufficient  to  excite  galvanic  electricity.  It  must  be  such  chemi- 
cal action  as  to  produce  the  separation  of  the  elements  united  in 
some  compound  substance.  This  separation  can  be  effected  by 
introducing  some  third  simple  substance,  which  has  a  stronger 
affinity  for  one  of  the  elements  in  the  compound  than  this  has  for 
the  other.  In  all  such  cases  the  new  element  introduced  goes 
to  the  formation  of  a  new  compound  substance,  by  uniting  with 
one  of  the  original  elements,  and  the  other  element,  existing  in 
the  original  compound,  is  set  free.  It  is  also  essential  that  the 
compound  to  be  decomposed  should  be  in  the  liquid  state,  and 
the  new  element,  introduced  for  the  purpose  of  decomposing  it, 
must  be  a  eolid.  A  second  plate,  consisting  of  a  good  conductor 
of  electricity,  must  also  be  provided.  The  word,  element,  is 
here  used  in  its  strict  chemical  sense,  as  explained  in  §  30.  It 
would  appear  that  as  the  molecular  disturbance  created  by  fric- 
tion is  sufficient  to  produce  the  manifestation  of  statical  electri- 
city, so  the  molecular  disturbance  produced  by  violently  rending 
one  chemical  element  from  another,  by  means  of  the  chemical 
affinity  exerted  by  a  third  element,  is  sufficient  to  produce  the 
manifestation  of  galvanic  electricity.  The  compound  liquid 
which  is  generally  used  in  practice,  is  common  wa!er,  slightly 
acidulated  with  sulphuric  acid,  and  the  third  element  employed 
IS  metallic  zinc ;  for  the  conductor,  the  metals  copper  and  pla- 
tinum are  often  employed,  and  sometimes  common  charcoaL 
Water  is  composed  of  the  two  elements,  hydrogen  and  oxygen  ; 
the  oxygen  is  violently  separated  from  the  hydrogen  by  the  zinc 
under  the  influence  of  affinity  ;  an  oxide  of  zinc  is  formed  on  the 
one  band,  and  hydrogen  is  set  free  upon  the  other,  and  at  the 

82B.  T*  tho  Mtnple  chemical  action  of  oneuubwtance  upon  another  mfllHent  to  produce 
gAlvanic  electricity  ?  What  sort  of  chemical  action  murt  it  be  ?  In  what  state  munt  tb« 
compound  subatance  to  be  decompofed  be?  Is  molecular  disturbance  rwiUy  the  caum 
of  galvanic  electricity  ?  What  U  the  c(«upound  liquid  genenUly  ui»ed  ?  Wh&t  b  the  do> 
compoeiDg  metal  employed? 
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Fig.  133. 


some  time  a  certain  amount  of  electricity  is  evolved.  In  all 
tho-e  instances  in  which  the  simple  contact  only  of  different 
metals,  without  the  employment  of  any  liquid  agent,  has  been 
found  to  produce  electricity,  it  is  always  the  case  that  the  mois- 
ture of  the  air  is  really  decomposed  by  the  most  oxidisable  of 
tJie  metals,  while  the  electricity  set  free,  is  carried  off"  by  the 
o;her. 

329.  Proof  that  CHiomical  I>ocoaBfoiition  is  the  loiirce  of 
Galvanic  Bloetjricity*  That  chemical  decomposition  is  the 
source  of  the  electricity  of  the  voltaic  pile  is  well  shown  by 
what  is  called  a  simple  galvanic  circuit.  Let  a  glass  cup  be 
provided.  Fig.  133,  fill  it  about  two-thirds  with  a  mixture  of  8 
parts  by  volume  of  water  to  1  of  sulphuric 
ac'd ;  then  immerse  in  it  a  piece  of  brightly 
polished  zinc,  6  inches  in  length,  and  as  wide 
as  the  cup  will  admit.  On  immersing  the 
zinc  in  the  acidulated  water,  bubbles  of  hy- 
drogen are  at  once  abundantly  discharged 
upon  its  surface,  set  free  by  tlie  abstraction 
of  oxygen  from  the  water  by  the  zinc,  and 
these  bubbles  rising  through  the  liquid,  at 
length  escape  into  the  air.  Now  place  in  the 
same  vessel  a  slip  of  poli^'hed  copper,  and  so 
long  as  it  does  not  touch  the  zinc,  no  change 
will  be  obbcrved,  and  the  bubbles  of  hydro- 
gen will  continue  to  escape  as  before,  at  the  surface  of  the  zinc 
plate.  The  instant,  however,  that  any  me- 
tallic communication  is  made  between  the 
two  plates,  as  in  Fig.  134,  where  the  two 
plates  have  been  inclined  so  that  the  upper 
edge  of  the  copper  plate  has  been  brought 
into  contact  with  the  zinc,  it  will  be  observed 
that  the  bubbles  of  hydrogen  are  no  longer 
discharged  upon  the  zinc,  but  upon  the  cop- 
per. There  is  no  visible  transfer  through 
the  liquid,  but  the  fact  is  certain,  and  it  is 
quite  evident  that  an  influence  of  some  sort 
has  been  set  in  motion,  by  which  the  point 
of  dischai^e  for  the  gas  has  been  trans- 
ferred to  the  copper,  and  a  current  produced,  indicated  in  the 


Ko  connfritoii  between 
the  PmUs. 


Fig.  184. 


Connertion  fornifd  be- 
twten  the  Platti. 


829.  ProTe  that  chemical  d«xwnpo8!tJon  is  tho  mnrce  of  galTanic  electricity.  Deseribtt 
F/?  133-  Fig.  134.  What  In  the  eflf^ct  of  umalgamatiog  the  sine  plat«0?  What  oUmt 
eSectd  c»n  be  produced  by  the  wires  besides  the  erolation  of  gw  ? 
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figure  by  the  direction  of  the  arrow.  Separate  the  two  metals,' 
and  the  gas  censes  to  be  discharged  upon  the  copper,  and  ^i^e8 
again  from  tl'ic  zinc.  If,  instead  of  bringing  the  plates  themselves 
into  contact,  the  connection  be  made  by  Avires,  or  any  other 
good  electrical  conductor,  tlie  result  will  be  the  same ;  Fig.  135. 
If  the  zinc,  after  being  thoroughly 
Fig.  135.  cleansed  by  immersion  in  the  acidula- 

E~  ^  ted  water,  be  rubbed  with  mercury,  it 

immediately  acquires  a  bright  amalga- 
mated surface,  and  when  restored  to  the 
water,  it  no  longer  exerts  any  decompos- 
ing action,  and  particles  of  hydrogen 
are  no  longer  seen  to  rise  from  it. 
The  instant,  however,  that  a  connection 
is  made  by  a  wire,  or  otherwise,  with 
the  conducting  plate,  hydrogen  bubbles 
^^^  at  once  begin  to  be  discharged  from  it 
TheFUutsconnecudbyaWire.  as  bcforc  The  cause  of  this  is  not 
understood,  but  constant  use  is  made 
of  the  fact  to  protect  the  zinc  plates  from  corrosion,  except  dur- 
ing the  period  Avhen  the  battery  is  actually  in  action.  The  evo- 
lution of  gas  is  not  the  only  effect  observed ;  the  wires,  if  sepa- 
mted,  will  emit  a  spark  of  electricity.  If  they  arc  wound  around 
the  bulb  of  a  delicate  air  thermometer,  {Fig.  45,)  the  llqu'd  will 
rise  in  the  tube,  indicating  the  production  of  heat ;  if  they  are 
wound  about  a  piece  of  soft  iron,  the  iron  will  become  magnetic, 
and  attract  iron  filings ;  if  one  wire  be  applied  to  the  crural 
nerve  of  a  frog,  and  the  other  to  the  out'^ide  of  the  muscle,  the 
leg  will  be  violently  convulsed  ;  if  dipped  into  acidulated  water, 
it  will  be  decomposed,  oxygen  will  appear  at  one  pole,  and  hy- 
drogen at  the  otiier.  In  short,  the  wires  will  emit  sparks,  pro- 
duce heat  and  magnetism,  give  shocks,  effect  chemical  decompo- 
sition, and  indicate  the  passage  of  a  continuous  current  of  gal- 
van' c  electricity. 

330.  The  decomposinflr  plate  is  the  point  of  departure  of  the 
electrical  cnrrent*  A^  ^^^  same  time  that  hydrogen  is  dis- 
charged upon  the  copper  plate,  a  corresponding  portion  of  ox'de 
of  zinc  is  formed  on  the  zinc  plate  by  the  affinity  of  the  zinc 
for  the  oxygen  of  the  water,  and  this  oxide  is  eventually  united 
with  the  sulphuric  acid,  converted  into  sulphate  of  z  nc.  and 
finally  dissolved  in  the  remaining  water.     If  it  were  not  for  the 


830.  What  k  the  point  of  departure  oi  the  electrical  current  ? 
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eulphuric  acid,  the  oxide  of  zinc  which  is  formed,  being  an  in- 
soluble substance,  would  speedily  cover  the  zinc  plate  with  a 
thick  deposit,  and  put  a  stop  to  its  decomposing  .action  upon  the 
water.  By  the  introduction  of  the  sulphuric  acid,  the  oxide  is 
removed  as  fast  as  formed,  and  converted  into  the  soluble  sul- 
phate of  zinc,  which  is  at  once  dissolved  in  the  water.  Thus 
.the  zinc  plate  is  kept  bright,  and  its  decomposing  action  is  sus- 
tained until  the  yirater  has  dissolved  all  the  sulphate  of  zinc  of 
which  it  is  capable.  As  soon  as  this  point  is  reached,  the  oxide 
of  zinc  begins  again  to  coat  the  zinc  plate,  and,  to  diffuse  itself 
in  a  cloudy  precipitate  through  the  water,  thereby  hindering 
the  ready  transference  of  the  molecules  of  gas,  and  obstructing 
the  pa^sa^e  of  the  electric  current.  By  the  combined  opera- 
tion of  both  these  causes,  tho  process  is  brought  to  a  conclusion. 
If  some  other  chemical  compound  be  employed,  instead  of  water, 
which  is  capable  of  decomposition  by  the  copper,  and  not  by 
the  zinc,  the  electrical  current  will  be  reversed,  and  will  set  out 
from  the  copper  towards  the  zinc.  In  all  cases,  it  is  the  metal 
which  exerts  the  decomposing  action  by  which  tho  current  is 
set  in  motion,  and  from  which  it  starts, 

331.  node  of  transfer  of  the  Bydrogreiia  The  mode  in 
which  the  hydrogen  is  made  to  appear  upon  the  copper  plate  is 
believed  to  be  as  follows.     Oxygen  is  thought  to  be  naturally 

charged  with  negative,  and  hydro- 
gen with  iwiitive,  electricity ;  con- 
sequently, as  oppositely  electrified 
bodies  attract  each  other,  when 
brought  into  close  contact,  these  two 
substances  unite  under  the  influ- 
ence of  this  electrical  attraction, 
and  form  water.  Every  particle 
of  water  consists,  then,  of  two  ele- 
ments, and  a  row  of  them  extend- 
ing from  the  zinc  to  the  copper 
plate,  may  be  represented,  as  in 
Fig,  136.  If  now  we  suppose  the 
oxygen  of  the  particle  of  water, 
next  the  zinc,  to  quit  the  hydrogen 

Mad*  of  Transfer  of  Hydrogen,         with    which    it    is    United,   and    tO 

connect  itself  with   the   zinc,  as 
represented  in  the  figure,  and  that  a  certain  amount  of  electricity 

What  U  the  \xfe  of  the  gulpharic  acid?    Ilovr  Is  tho  procemt  bronj^^ht  to  a  condusiooT 
•>-i831   Uow  Ib  tUu  bydrogen  uude  to  appear  upon  the  copper  plate  \ 
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is  excited  by  the  transfer,  which  concentrates  itself  upon  the 
deserted  particle  of  hydrogen,  then  this  particle  of  hydrogen, 
in  consequence  of  the  good  conducting  power  of  the  copper,  will 
be  attracted  towards  it ;  but  coming  into  contact  with  tlie  pani- 
cle of  water  next  it,  by  its  superior  electrical  excitement  it  ap- 
propriates its  oxygen  to  itself,  forming  a  new  particle  of  water, 
and  then  communicates  ita  electricity  to  the  second  particle  of 
hydrogen  thus  set  -free.  This  second  particle  of  hydrogen  is  in 
turn  started  towards  the  copper  plate,  but  in  its  way  meeting 
with  the  next  particle  of  water,  it  seizes  upon  its  oxygen  in  the 
manner  represented  in  the  figure ;  and  so  the  process  goes  on, 
every  particle  of  hydrogen  set  fi*ee,  decomposing  the  particle  of 
water  next  it  in  the  shortest  line  of  direction  to  the  copper 
plate,  until  finally  the  last  particle  of  water  immediately  touch- 
ing the  copper  plate  is  decomposed,  and  its  hydrogen  having 
nothing  to  unite  with,  is  discharged,  together  with  the  accumu- 
lated electricity,  upon  the  copper  plate,  and  escapes.  The  elec- 
tricity thus  produced  finds  its  way  back  through  the  copper  and 
the  connecting  wire,  to  the  zinc,  and  thus  returns  to  the  point 
from  which  it  set  out.  In  this  manner  there  is  a  continual  pre- 
cipitation of  particles  of  hydrogen  upon  the  copper,  and  a  steady 
current  of  electricity  kept  in  motion,  until  the  effect  of  the  zinc 
upon  the  liquid  ceases,  and  no  more  water  is  decomposed.  In 
all  cases,  it  will  be  seen  that  the  current  is  from  the  zinc  to  the 
copper.  There  is  good  reason  for  doubting  whether  the  theory 
described  above,  of  the  opposite  electrical  state  of  the  oxygen 
and  hydrogen  is  strictly  true ;  but  there  is  no  doubt  of  the  trans- 
fer of  the  hydi'ogen,  and  that  it  is  probably  eflTected  in  the  man* 
ner  indicated. 

332.  The  part  played  by  the  Copper.  It  is  evident  that  it 
is  the  zinc  which  is  the  generating  plate,  and  that  the  copper 
acts  simply  as  an  electrical  conductor.  Consequently,  any  good 
conductor  of  electricity  will  answer  equally  well,  provided  only, 
in  all  cases,  it  be  not  one  which  itself  acts  upon  tlie  acidulated 
water,  because,  in  this  case,  an  opposite  current  would  be  set  in 
motion,  which  would  neutralize  the  first.  The  conductor  need 
not  necessarily  be  metallic.  Charcoal  is  employed  in  many  of 
the  best  batteries,  and  in  others,  slips  of  platinum.  In  all  case/, 
the  conducting  plate  is  charged  with  positive  electricity,  and  the 

Describe  the  process  of  circulation  which  taXos  place.— 832.  What  Is  the  part  played 
by  the  copper?  Mof^t  the  conducting  plate  be  made  of  metal?  What  is  the  elec'rica) 
condition  of  the  two  plates?  What  is  lueaut  by  a  negative  electric?  By  a  po8iiiT« 
electric? 
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Positive  and  Negative  Plates, 


generating  plate  ttUIi  negative.  In 
Fig.  137,  the  two  plales  are  distin- 
guished simply  by  tlie  signs  + 
and  — .  The  ends  of  the  two  wires, 
connected  respectively  with  the  two 
plates,  are  called  positive  and  nega- 
tive poles,  or  sometimes  positive  and 
negative  electrodes.  Every  chemi- 
cal element  which  appears  at  the 
positive  pole  is  called  a  negative  elec- 
tric, and  every  one  appearing  at  the 
negative  pole  a  positive  electric. 
This  is  in  accordance  with  the  theory 
of  electricity  previously  explained, 
that  a  body  positively  electrified  will  attract  negative  electrics, 
and  a  body  negatively  electrified  positive  electrics:  §  306. 

333.  Tho  polarization  and  transfer  of  tho  elements  of  the 
Zaiquid,  and  the  polarization  of  the  Solid  particles  of  the  circuit 
mecessary  for  the  electrical  force  to  circulate.  The  transference 
of  the  particles  of  hydrogen,  and  the  producti(Mi  of  the  electrical 
force,  as  just  described,  is  supposed  to  be  preceded  by  the  polar- 
ization of  the  entire  circuit,  both  solid  and  liquid.  By  polariza- 
tion is  mc»ant, — ^as  has  been  previously  explained  in  describing 
the  discharge  of  the  Leyden  jar,  §  316, — the  disturbance  of  the 
natural  equilibrium  of  the  electricity  .residing  in  the  molecules 
of  a  substance,  and  its  distribution  at  the  opposite  poles  of  each 
molecule.     Thus  in  Fig,  138,  the  upper  row  represents  a  series 

of  particles  of  water,  each  com- 


Y\%.  138. 
Unpoiarized  Particks  of  Water, 


H+ Ym  4-Ylf  +Yh  s-Yh  +Yh  +> 


posed  of  oxygen  and  hydrog'^n, 
in  an  unpoiarized  state;  the 
second  row  represents  the  same 
particles  of  water  in  a  polarized 
state,  in  which  the  particles 
have  been  turned  around,  and 
the  negative  oxygen  made  to 
alternate  with  the  positive  hy- 
drogen. This  polar  state  is 
produced  by  bringing  a  highly  charged  positive  electric  into 
proximity  with  the  negative  oxygen,  on  the  right  of  the  figure. 
The  oxygen  is  at  once  attracted,  the  hydropren  repelled  and  at 
the  same  time  its  positive  electricity  greatly  intensified  by  in- 


(hJo/hJoA^ 

Pdarixed  Particles  of  Water, 


333   Whnt  \n  mmnt  bv  the  polarisition  of  thp  liquid,  u  well  u  0oli<l,  |»art  of  the  cir- 
cuit?   What  i0  poUrizatioa?    Peecribe  Fig.  138. 
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Fig.  189. 


duction ;  a  similar  change  takes  place  in  all  the  moieties,  and 
the  polariza  ion  is  propagated  throughout  the  scries.  In  the 
case  of  the  simple  galvanic  circuit,  the  polarization  is  supposed 
to  be  produced  in  the  following  manner:  when  the  plate  of  zinc 
is  introduced  into  the  acidulated  'water,  the  part  which  touches 
the  liquid,  in  consequence  of  the  chemical  action  which  takes 
place  between  it  and  the  oxygen  of  the  water,  immediately 
becomes  highly  charged  wuth  positive  electricity,  while  the 
opposite  extremity,  which  is  outside  the  cup,  becomes  negative ; 
this  immediately  polarizes  the  molecules  of  water,  in  the  man- 
ner shown  in  Fig,  138.  As  soon  as  the  copper  plate  is  intro- 
duced, its  molecules  also  become  polarized,  and  the  whole  series 
extending  to  the  extremity  of  the  wire  connected  with  that 
plate,  is  thrown  into  a  similar  state.  The  same  process  also 
takes  place  in  the  zinc  plate,  and  is  propagated  to  the  extreme 
end  of  the  wire  connected  with  it,  as  shown  in  Fig,  1 39.     As 

the  ends  of  the  wires,  however, 
do  not  touch  each  other,  there  can 
be  no  discharge ;  there  is  a  stale 
of  polar  tension  produced,  extend- 
ing through  the  circuit,  but  no 
discharge,  and  no  current  or  mani- 
festation of  electricity.  Every 
thing,  however,  is  ready  for  the 
discharge,  and  the  instant  the 
metallic  connection  is  completed, 
it  takes  place.  The  first  move- 
ment occurs  on  the  right,  at  the 
lower  pait  of  the  zinc  plate.  The 
firet  particle  of  oxygen  is  drawn 
off  by  the  zinc,  and  its  negative 
electricity  seizes  hold  of  the  posi- 
tive electricity  of  the  polarized 
particle  of  zinc  next  it,  the  negative  electricity  of  this  particle 
of  zinc  seizes  upon  the  positive  electricity  of  the  polarized 
particle  immediately  adjoining,  and  thus  the  transfer  o^  negative 
electricity  proceeds  from  particle  to  particle  up  the  whole  length 
of  the  zinc  plate,  and  thmugh  the  wire  connected  with  it.  On 
the  opposite  side,  at  the  foot  of  the  copper  plate,  the  reverse 
proce-^s  is  going  on ;  the  Iiydrogen  of  the  la^t  particle  of  wattr 
is  reh^ased  from  its  oxygen  and  escapes  into  the  air ;  its  positive 

State  what  take^  place  as  Roon  an  the  rinc  pl'ite  touches  tite acidulated  water.    I«  Uieri 
anjr  discharfe  so  long  as  the  poles  remam  dijiconnocted  ?    I'race  the  process. 


Polarization^  hut  no  Discharge. 
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Fig.  140. 


electricity  seizes  hold  of  the  negative  electricity  of  the  polarized 
particle  of  copper  nearest  it,  and  set^  free  its  positive  electricity ; 
this  seizes  upon  the  negative  electricity  of  the  next  polarized 
particle ;  the  positive  electricity  thus  set  free  seizes  hold  of  the 
negative  electricity  of  the  particle  next  adjoining,  and  thus  the 
transfer  of  positive  electricity  proceeds  from  particle  to  particle 
up  the  entire  length  of  the  copper  plate,  and  through  the  wire 
connected  with  it.  Consequently,  there  is  a  steady  discharge  of 
positive  electricity  from  the  wire  connected  with  the  copper  plate, 
and  of  negative  electricity  from  the  wire  connected  with  the 
zinc  plate,  and  when  the  two  wires  are  connected,  these  mutu- 
ally attract  each  other,  remain  united  for  a  moment,  and  then 
separate,  and  pass  on  in  opposite  directions.  Thus,  as  foou  as 
the  metallic  connection  is  coinpleted  between  the  plates,  the 
polar  tension  previously  existing  immediately  springs  into  ac- 
tion, and  a  continued  double  circulation  of  electricity,  in  opposite 
directions,  from  molecule  to  molecule,  is  set  up  through  the 
whole  circuit,  solid,  as  well  as  liquid;  Fig,  140.     Jn  order  to 

prevent  confusion^  however^  when- 
ever the  dtrection  of  the  electrical 
current,  is  referred  to,  the  direction 
of  the  positive  current  is  alone 
mentioned. 

334.  Proof  thot  a  state  of 
electrical  tension  exists  in  the 
plates  before  the  actnal  passag^e 
of  the  current.  That  this  state 
of  polar  tension^  actually  is  pro- 
duced as  soon  as  the  zinc  genera- 
ting plate  and  the  copper  or  pla- 
tinum conducting  phite  are  intro- 
duced into  the  acidulated  water, 
may  be  shown  by  the  following 
expenment.  A  plate  of  zinc,  z,  Fiy, 
141,  and  another  of  platinum,  r, 
are  immersed  in  acidulated  water, 
and  the  wire  proceeding  from  each  is  insulated  and  connected 
with  the  two  gilt  disks,  a  and  6,  of  the  electroscope,  e  ;  the  e 
disks  are  insulated  by  the  glass  of  the  apparatus ;  they  slide 
easily  to  and  fro  in  sockets,  and  can  be  brought  within  a  quarter 
of  an  inch  of  each  other ;  a  single  gold  leaf  connected  with  the 

What  tiiket  place  when  the  connection  i«  made?    Show  that  a  double  current  circu- 
IfttM.— 881.  ProTe  that  a  state  of  electrical  tensloa  exists  before  the  passage  of  the  curreut. 


Polarization  and  DiseharKe, 
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Fig.  141. 


/ 


Electric  Tmsion  b^on  the  passage  of  the  Current, 


plate  of  tlie  instru- 
ment is  suspended  be- 
tween them.  Now, 
if  the  positive  end  of 
a  De  Luc's  dry  pile,  D, 
— ^an  instrument  to  be 
presently  described,  § 
349, — be  brought 
near  the  plate,  this 
will  become  negative 
by  induction,  and  the 
gold  leaf  positive,  as 
indicated  in  the  fig- 
ure. Under  these  cir- 
cumstances, however, 
if  there  were  no  electrical  tension  existing  in  either  a  or  b,  there 
would  be  no  attraction  of  the  gold  leaf  toward  either,  and  it 
would  continue  unmoved ;  but  if  there  be  an  opposite  state  of 
electric  tension  in  the  two  disks,  it  will  be  drawn  towards  that 
which  is  charged  with  negative,  and  repelled  from  that 
charged  with  positive  electricity.  On  examination,  it  is  found 
to  be  attracted  towards  the  disk,  a;  and  the  conclusion,  there- 
fore, is  irresistible,  that  the  zinc  plate  is  in  a  state  of  negative 
electric  tension.  If  now,  the  negative  end  of  the  De  Luc's  pile 
be  presented  to  the  plate  of  the  instrument,  this  will  become 
charged  with  positive  electricity  by  induction,  and  the  slip  of 
gold  leaf  with  negative  electricity.  In  this  state  of  things  the 
gold  leaf  is  attracted  towards  the  disk,  b,  a  conclusive  proof  that 
the  plate,  p,  is  in  a  state  of  positive  electric  tension,  and  this  at 
a  time  when  there  is  no  direct  connection  between  it  and  the 
plate,  z.  It  is  evident,  therefore,  that  a  state  of  electric  tension 
is  produced  the  instant  the  plates  are  introduced  into  the  acidu- 
lated water,  before  the  metallic  circuit  is  completed. 

335.  The  energy  of  the  cnrrent  proportionate  to  the  chem- 
ical activity.  If  a  metal  be  employed,  in  place  of  the  zinc, 
which  has  a  more  powerful  affinity  for  oxygen,  and  which  will 
decompose  water  with  greater  energy  and  promptness,  the  inten- 
sity of  the  electrical  current  will  be  greatly  increased.  And  aa 
potassium — the  metallic  basis  of  common  potash, — has  a  stronger 
affinity  for  oxygen  than  any  other  metal,  this  would  form  theo- 
retically, the  best  generating  plate  for  a  galvanic  current ;  there 

885.  To  what  is  the  energy  of  the  current  proportioned  ?    What  metal  is  the  beat 
rator? 
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are,  however,  insuperable' objections  to  its  use,  arising  from  the 
intensity  of  its  action, — its  softness  and  want  of  durability,  and 
its  high  cost.  The  experiment,  however,  admits  of  trial,  by 
forming  an  amalgam  of  potassium  with  mercury,  for  it  has  been 
ascertained  that  the  galvanic  relations  of  all  amalgams  are  those 
of  the  most  oxidjzable  metal  which  they  contain.  On  the  other 
hand,  the  conducting  plate  must  be  composed  of  some  metal 
exerting  as  little  chemical  action  upon  the  water,  and  having  as 
little  affinity  for  oxygen,  as  possible.  On  this  account,  copper, 
and  still  more,  platinum,  are  admirably  fitted  for  this  purpose. 
The  reason  for  this  necessity  is,  that  in  proportion  to  the  affinity 
of  the  second,  or  the  conducting  plate  for  oxygen,  does  it  tend 
to  produce  a  counter  current  of  electricity  which  neutralizes 
the  primary  current  proceeding  from  the  zinc,  and  proportion- 
ably  reduces  the  energy  of  the  circuit  Thus,  in  Fig,  1 40,  if  the 
copper  plate  had  an  affinity  for  oxygen  equal  to  that  of  the 
zinc,  it  would  tend  to  decompoi=5e  the  water,  and  set  in  motion  a 
succession  of  particles  of  hydrogen,  charged  with  positive  elec-  * 
tricity,  towards  the  zinc ;  the  result  would  be,  that  two  opposing 
states  of  polar  tension  would  be  produced,  and  at  the  point  of 
meeting,  a  particle  of  hydrogen  on  the  one  side,  would  be  found 
aiTanged  opposite  to  a  particle  of  hydrogen  on  the  other,  and 
positive  electricity  against  positive  electri.city,  repelling  each 
other  with  equal  strength,  and  entirely  preventing  the  passage 
of  any  current  In  proportion  as  the  conducting  plate  possesses 
an  affinity  for  oxygen,  does  it  tend  to  produce  this  result,  and 
to  stop  the  flow  of  the  current.  For  this  reason,  it  is  necessary 
that  the  conducting  plate  should  have  the  least  possible  affinity 
for  oxygen,  and  be  made  of  platinum,  copper,  gold  or  silver,  all 
of  which  have  a  feeble  affinity  for  this  substance  ;  and  that  the 
generating  plate,  on  the  other  hand,  should  possess  the  greatest 
possible  affinity  for  the  same  element 

336.  The  direction  of  the  current  is  dependent  upon  the 
direction  of  the  chemical  action.  In  all  these  cases  the  positive 
electricity  sets  out  from  the  more  oxidizable  metal  which  con- 
stitutes the  generating  plate,  and  traverses  the  liquid  towards 
the  less  oxidizable  metal  which  forms  the  conducting  p!ate. 
The  negative  current,  on  the  other  hand,  starts  from  the  gene- 
rating plate,  an^l  turns  its  course  in  the  opposite  direction,  i.  e., 
passes  up  the  plate,  instead  of  through  the  liquid.    Consequently, 

WbEt  motal  would.  In  theory,  make  the  bMt  fceneratlng  plate?  Why  tnnst  the  eon- 
ducting  pUte  be  formed  of  mraie  luetHl  which  exerts  uo  docoiupoaing  action  oa  water? — 
838.  What  is  the  directioa  of  the  current? 
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there  is  a  current  of  positive  electricity  pa<?sing  from  the  wire 
connected  with  the  conducting,  or  copper  plate,  and  of  negative 
electricity  passing  from  the  generating,  or  zinc  plate. 

337-  Direct  metallic  connection  between  the  g'enerating' 
and  conducting:  plate  not  necessary-  That  direct  metallic  ( on- 
tiict  between  the  two  plates  is  not  necessary  for  the  production  of 
the  current,  may  be  shown  by  the  apparatus  represented  in 
Fig,  142.  Let  z  be  a  zinc  plate,  and  p  a  platinum  plate,  hav- 
ing a  platinum  wire  attached  to  it,  and 
Fig.  142.  bent  so  as  to  touch  a  piece  of  paper,  a, 

moistened  with  a  ^=olution  of  starch  and 
iodide  of  potassium,  and  immersed  in 
water,  strongly  acidulated ;  in  this  case,  it 
will  be  observed,  there  is  no  direct  metal- 
lic connection  between  the  two  plates. 
Iodide  of  potassium  is  a  substance  com- 
posed of  iodine  and  potassium;  the  starch 
is  a  test  for  iod'ne,  and  is  turned  blue  the 
instant  any  of  the  iodine  is  detached  from 
^  ^  the  potassium ;  and  as  the  electric  current 

Contact  not  nete^sary,  j^^^  ^j^g  power  of  dctachiug  the  iodine,  if 
there  be  any  electrical  current  transmitted  from  the  platinum 
to  the  zinc  plate,  it  will  be  at  once  manifested  by  the  formation 
of  a  small  blue  spot  at  the  point  where  the  platinum  wire  touches 
the  paper.  Hence  we  conclude  that  the  direct  metallic  connec- 
tion of  the  two  plates  is  not  necessary  for  the  pas>'age  of  the 
current,  but  that  any  good  non-metallic  conductor  of  electricity 
w'.ll  answer  equally  well.  This  experiment  also  shows  very 
satisfactorily  that  the  contact  of  two  dissimilar  metals  is  not  the 
cause  of  the  galvanic  current,  and  that  the  hypothesis  suggested 
by  Volta,  in  regard  to  the  theory  of  the  Voltaic  pile  is  not 
strictly  correct. 

338.  Effect  of  the  dischar^ro  of  hy  drog'en  on  the  condnctinir 
plate.  It  will  be  observed  in  all  the  cases  heretofore  described, 
that  as  long  as  the  circulation  of  the  electrical  current  continues, 
there  is  a  constant  discharge  of  particles  of  hydrogen  gas  upon 
the  conducting  plate,  whether  it  be  made  of  platinum,  or  cop- 
per. The  bubbles  of  hydrogen  are  discharged  upon  the  sur- 
face of  the  plate  at  every  point  beneath  the  level  of  the  water, 
and  gradually  stream  upwards  towards  the  air.  In  this  way 
mo^t  of  them  escape,  but  a  portion  are  detained  by  the  strong 

3-17.  Show  thHt  dirwt  mAtnllic  conneotion  between  the  plafwi  in  unnecessary, 
What  U  tius  eJevt  at  tae  diioaugo  of  bydrogea  on  the  conducting  plate? 
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attraction  of  adhesion  which  is  exercised  upon  this  gas  by  plati- 
num, and  to  such  a  degree  that  the  plate  will  really  be  covered 
with  a  thin  film  of  gaseous  particles,  too  small  to  be  discovered 
by  the  eye,  but  capable  of  detection  by  other  means,  even  after 
it  hjvs  been  removed  from  the  liquid.  In  this  manner  platinum 
plates  may  be  coated  with  hydrogen.  Now  hydrogen  has  a 
very  strong  affinity  for  oxygen,  and  tends,  therefore,  to  exert  a 
decomposing  action  upon  water,  in  the  same  way  that  metallic 
zinc  does.  If,  then,  a  platinum  plate,  coaled  with  hydrogen  in 
the  way  above  described,  be  placed  in  acidulated  water,  and  a 
perfectly  clean  platinum  plhte  be  placed  opposite  to  it,  and  the 
two. plates  be  connect-ed  by  a  wire,  the  hydrogen  of  the  coated 
p^ate  will  tend  to  decompose  the  particle  of  water  next  it,  and 
seize  upon  its  oxygen,  forming  with  it  a  new  particle  of  water, 
and  a  state  of  polar  tension  will  be  at  once  produced  through 
the  whole  circuit,  precisely  as  there  would  be,  if  there  were  a 
zinc  plate  in  the  place  of  the  one  coated  with  hydrogen.     Under 

these  circumstances,  an 
electrical  current  will  cir- 
culate from  the  coated 
plate  to  the  clean  platinum 
through  the  liquid,  and 
then  back  through  the 
wire,  and  continue  until 
all  the  hydrogen  adhering 
to  the  coated  phite  has 
been  exhaur^ted  by  uniting 
with  particles  of  oxygen, 
and  been  converted  into 
water.  From  this  experi- 
ment, it  appears  that  any 
substance  which  has  a 
strong  affinity  for  oxygon, 
even  though  it  be  gaseous 
in  its  character,  may  be 
used  in  place  of  an  oxi- 
dizable  metal,  as  a  gene- 
rating plate. 

339.    The   Gas   Bat- 
^   r-     n  ,.       K     ,    i...f  tery.    Advantage    has 


How  mav  platinum  b«  coated  with  hydroj^»n?    Can  »uch  a  coated  plate  be  used  ai 
the  generating  pUte  of  a  battery  ?— 339.  Describe  Uie  gaa  battery. 


14 
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been  taken  of  this  property  to  form  what  is  called  a  gas  battery ; 
Fig,  143.  Two  glass  tubes,  closed  at  one  end,  have  suspended 
within  them  plates  of  platinum,  each  plate  terminating  in  a  cup 
filled  with  mercury,  placed  upon  the  summit  of  each  tube.  The 
tubes  are  first  filled  with  acidulated  water,  and  inverted  into  a 
glass  vessel  partially  filled  with  the  same  mixture.  The  tube 
marked  h,  is  then  connected  with  the  negative  pole  of  a  second 
galvanic  battery,  not  shown  in  the  figure,  and  the  tube  marked 
o,  with  the  positive  pole,  by  means  of  the  cups  filled  with  mer- 
cury, and  the  galvanic  current  passed  through  them,  descending 
through  o,  and  ascending  through  h  ;  as  the  current  passes,  the 
water  in  these  two  tubes  is  decomposed,  and  the  hydrogen  col- 
lects in  the  tube  h,  and  the  oxygen  in  the  tube  o,  gradually 
expelling  the  acidulated  water  with  which  they  are  fiUed,  into 
the  lower  vesseL  The  tube  h  is  made  of  twice  the  capacity 
of  the  tube  o,  and  the  process  is  continued  until  both  tub^ 
are  completely  filled,  h  with  hydrogen,  and  o  with  oxygen. 
The  second  battery  is  then  entirely  removed,  and  the  two 
mercury  cups  connected  by  a  wire,  as  shown  in  the  figure. 
We  have  then  a  platinum  plate  in  the  tube  h,  surrounded 
by  hydrogen,  and  dipping  down  into  the  acidulated  water 
of  the  lower  vessel,  and  a  second  platinum  plate  in  the  tube  o, 
surrounded  with  oxygen,  and  dipping  down  into  the  acidulated 
water,  and  the  plate  in  o  connected  with  the  plate  in  h,  by  a 
wire  above.  Under  these  circumstances,  the  hydrogen  gas  in  h 
will  act  like  a  zinc  plate  similarly  situated ;  a  state  of  polar 
tension  is  at  once  produced,  running  tlirough  the  whole  appa- 
ratus ;  the  lower  end  of  h  becomes  positively  electrified,  as 
shown  in  the  figure ;  it  seizes  hold  of  the  oxygen  of  the  parti- 
cle of  water  nearest  it ;  its  hydrogen  appropriates  the  oxygen 
of  the  succeeding  particle ;  and  so  on,  until  the  last  particle  of 
water  is  reached.  The  hydrogen  of  this  particle  is  discharged 
into  the  oxygen  of  the  tube,  o,  and  at  once  resolved  into  water. 
At  the  same  time,  a  current  of  positive  electricity  is  set  in  mo- 
tion through  the  liquid,  from  H  to  o,  then  up  the  plate  o  to  the 
wire,  and  finally  is  returned  to  the  plate  h,  its  course  being  indi- 
cated by  the  arrows.  As  particle  after  particle  of  hydrogen  in 
the  tube  H,  is  united  to  the  oxygen  of  successive  particles  of 
water,  fresh  portions  of  water  are  formed  in  the  tube  H,  which 
gradually  fill  it.  At  the  same  time,  an  equal  number  of  parti- 
cles of  water  are  formed  in  the  tube  o,  by  which  it  is  also  gradu- 

ExpUdn  how  boUi  tubes  become  graduaUy  filled  wiUi  water. 
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ally  filled ;  and  when  this  takes  place  the  process  is  brought  to 
a  conclusion.  This  very  curious  instrument  establishes  the 
important  fact  that  hydrogen  gas  is  capable,  by  its  action  on 
acidulated  water,  of  generating  a  current  of  positive  electricity. 
By  connecting  8  or  10  such  cells  in  succession,  Fig.  144,  in 


Fig.  144. 


Gas  Battery^  Cojnpound  Circuit. 

snch  a  way  that  the  oxygen  tube  of  one  cell  shall  be  connected 
with  the  hydroo:en  tube  of  the  adjoining  cell,  very  decided 
manifestations  of  the  electrical  current  may  be  obtained ;  bright 
sparks  can  be  produced  between  charcoal  points,  and  various 
chemical  decompositions  effected. 

340.  The  Ckdvanic  Battery-    If  the  wire  proceeding  from 
the  conducting  plate,  be  it  charcoal,  or  platinum,  or  copper,  in- 
stead of  being 
F>g-  145.  carried  directly 

^  to  the  geu era- 

ting  zinc  plate, 
be  attached  to 
the  zinc  plate  of 
a  second  pair, 
in  a  second  ves- 
sel, as  is  repre- 
sented in  Fig, 
145,  the  electri- 

Croum  of  Cups,  Battery  of  Intensity.  city      generated 


940  Bpnciibe  the  armngement  of  the  galvanic  battery.    By  whom  hiTented.    By  whal 
originally  call«id. 
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by  the  first  zinc  will  be  communicated  to  the  second,  and  being 
united  to  the  electricity  generated  by  it,  will  be  transmitted 
through  the  fluid  in  the  second  vessel  to  the  second  conducting 
plate.  The  electrical  current  of  the  second  pair  is  incr<»a*^ed 
by  the  addition  of  the  electricity  of  the  first ;  by  the  addition 
of  a  third  pair,  the  power  of  the  current  is  trebled ;  and  so  we 
may  proceed  indefinitely,  increasing  the  intensity  of  the  electri- 
cal current  by  every  additional  pair ;  but  when  we  reach  the  end 
of  the  series,  we  must  connect  the  conducting  plate  of  the  la- 1 
cup  with  the  zinc,  or  generating  plate,  of  the  first  cup,  in  order 
to  make  the  circuit  complete,  and  restore  the  electrical  equilib- 
rium. Such  an  arrangement  of  connected  cups  and  plates  is-** 
called  a  Galvanic  Battery,  from  the  powerful  effects  which  it  is 
capable  of  producing.  It  was  first  devised  by  Volta,  after  his 
invention  of  the  Pile,  and  called  by  him  the  "  couromie  det 
tasses^*  or,  crown  of  cups.  As  the  entire  merit  of  this  cele- 
brated instrument  belongs  exclusively  to  Volta,  and  not  at  all 
to  Galvani,  it  should  be  more  properly  called  the  Voltaic  Bat- 
tery. 

341.  Batteries  of  Znteniity  and  Batteries  of  Quantity.  It 
might  be  thought  that  an  equal  generating  surface  of  zinc 
being  employed  in  both  cases,  it  would  make  no  difference  in 
the  effect  produced,  whether  we  employed  a  great  number  of 
small  plates,  or  a  small  number  of  large  plates.  It  is  found, 
however,  in  practice,  that  there  is  an  important  difference  be- 
tween the  effects  of  the  two  arrangements.  The  former  will 
yield  electricity  of  great  efficacy  in  effecting  chemical  decom- 
positions, the  Utter,  electricity  of  great  heat-producing  power 

and  magnetic 
Fig-  l*«-  energy.    A  bat- 

tery that  is 
adapted  for  the 
former  is  called 
a  Battery  of  In- 
•tensity,  and  one 
that  is  adapted 
for  the  latter  is 
called  a  Battery 
___  _  of  Quantity.     A 

"^^-E?:r^-A-^==^^^^"^-^^  battery  of  inten- 

Sattery  of  quaniUy,  sity  may  be  con- 

841   What  is  a  battery  of  Intonrity?    Of  qoantltrjr?    Describe  the  anaagemeni of  cadu 
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verted  into  a  battery  of  quantity,  by  breaking  all  the  connections 
between  the  coppers  and  zincs  of  different  cups,  and  uniting  all 
the  zincs  together,  then  all  the  coppers,  and  at  last  establishing 
a  connection  between  all  the  coppers  and  all  the  zincs  by  one 
single  wire.  In  this  way  we  practically  convert  all  the  zincs 
into  one  large  zinc,  and  all  the  coppers  into  one  large  copper 
plate;  Fig.  146. 

343.  Improved  Batteries.  Instead  of  having  the  different 
pairs  of  plates  in  different  cups,  we  may  solder  the  zinc  and 
copper  plates  together,  and  sink  them  into  grooves  m  a  trough, 
as  in  Fig,  147.    In  this  case  the  plates  themselves  form  the 

cups.     The  spa- 
Fig.  147.  ces  between  the 

plates  are  filled 
with  the  exciting 
liquid  to  the 
same  height. 
The  electricity 
generated  by  the 
first  zinc  on  the 
left  is  conveyed 
through  the  liquid  to  the  opposite  copper,  and  by  it  transferred 
to  its  companion  zinc ;  it  is  then  transmitted  through  the  next 
division  of  liquid  to  the  succeeding  copper,  and  £0  through  the 
whole  series,  until  it  reaches  the  last  cell  at  a.  Into  this,  a 
conducting  copper  plate,  a,  is  inserted  and  coimected  with  the 
wire  which  carries  back  the  electrical  current  to  the  beginning 
of  the  battery,  where  it  is  attached  to  another  conducting  plate, 
A,  by  which  it  is  transferred  to  the  first  zinc  plate.  In  Fig, 
148,  the  same  apparatus  is  seen  in  perspective.    It  is  called 


Oruik^hank  t  Battery  in  Section. 


Fig.  148. 


/ 


Oruilahank's  Battery. 


842  I>escribe  the  amuigement  of  Cruikshaiik's  tuittery. 
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Cruikshaiik's   Battery,  and  is  a  very  convenient  form  of  the 
apparatus. 

3ft3.  Tho  Sulphate  of  Copper  Battery.  There  is  a  second 
form  of  the  galvanic  battery  in  which  the  liquid  to  be  decom- 
po.-ed  is  not  acidulated  water,  but  water  which  holds  in  solution 
a  quantity  of  sulphate  of  copper,  sometimes  called  blue  vitriol. 
Copper  is  employed  for  the  conducting  plate,  and  zinc  for  the 
generating  pla'e.  The  sulphate  of  copper  is  composed  of  sul- 
phuric acid  and  the  oxide  of  copper.  Sulphuric  acid  is  com- 
posed of  sulphur  and  oxygen,  and  its  composition  may  be  rep- 
resented by  SO^,  i.  e.,  one  proportion  of  sulphur,  and  three  of 
oxyren.  Oxide  of  copper  is  compoed  of  copper  and  oxygen, 
and  its  symbol  is  CuO,  i.  e.,  one  proportion  of  copper,  and  one 
of  oxygen.  The  symbol  of  the  whole  is  CiiO  80^.  When 
the  zini:  plate  is  introduced  into  this  solution  it  seems  to  produce 
a  double  decomposition,  and  at  the  same  time  set  on  fcot  two 
processes  of  polarization  and  circulation  ;  Fig  149.  In  the  first 
place,  it  produces  a  chain  of  polarized 
particles  of  water,  and  second,  a  chain 
of  fiolarized  particles  of  sulphate  of 
oxide  of  copper,  both  extend'ng  to  the 
conducting  plate;  then,  the  zinc  draws 
off  the  oxygen  from  the  water,  and 
the  hydi-ogen  seizes  upon  the  oxygen 
of  the  adjoining  particle,  as  has  been 
already  de?cribed,  until  finally  the  last 
particle  of  hydrogen  is  j)rojected  upon 
the  conducting  plate.  The  oxide  of 
zinc  thus  formed  upon  the  zinc  plate 
seizes  upon  the  sulphunc  acid  of  the 
sulphate  of  copper  in  contact  with  it, 
setting  free  the  oxide  of  copper,  and 
forming  suljihate  of  zinc,  which  is  at 
once  dissolved  in  the  liquid.  The 
oxide  of  copper,  thus  set  free,  seizes  upon  the  sulphuric  acid  of 
the  next  particle  of  sulphate  of  copper;  and  thus  the  process 
poc^  on,  until  finally  a  particle  of  the  oxide  of  copper  is  pro- 
jected upon  the  conducting  plate,  at  the  very  moment  when  the 
particle  of  hydrogen  just  spoken  of,  reaches  the  same  point. 
(See  the  figure.)     This  hydrogen  at  once  seizes  upon  the  oxygen 

343  Describe  the  sulphate  of  copper  battery  What  in  nulphate  of  copper?  OiTe  Its 
svmbol.  ^Vhit  double  decnrnposition  takes  place?  What  bocomea  of  the  hydrofmf 
Kzplain  the  depoaition  of  the  copper.    What  ia  Uie  adTantage  of  Uiia  battoy. 


The  SulphaU  of  Cnpptr  BaUery 
dtssecUd 
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Fig.  150. 


C  + 


Ihe  Sttlp/iate  of  Copper  Bdtitnf, 


of  the  oxide  of  copper,  forming  a  par- 
ticle of  water,  and  setting  free  metallic 
copper,  which  is  immediately  dis- 
charged upon  the  copper  conducting 
plate.  From  this,  it  appears,  that  in 
this  form  of  the  battery  the  copper 
plate  does  not  receive  a  depo^'it  of 
particles  of  hydrogen,  but,  in  its  place, 
a  depo?iit  of  copper.  Consequently, 
there  is  no  counteracting  current  of 
electricity,  produced  by  hydrogen, 
tending  to  neutralize  that  which  is 
produced  by  the  generating  plate, 
as  has  been  shown  to  be  the  case 
in  the  simple  galvanic  circuit,  and 
thns  a  great  addition  is  made  to  the  power  of  the  battery.  This 
form  of  the  galvanic  battery  is  of  special  use  for  the  production 
of  elMro-magnetism,  as  will  be  shown  hereafter.  It  is  repre*. 
Bented  in  perspective  in  Fig.  150. 

344.  Daniell  s  Bolphate  of  Copper  Battery.  There  is  a 
practical  difficulty  in  the  operation  of  the  sulphate  of  copper 
battery,  that  the  zinc  plate,  is  itself  more  or  less  covered  by  the 
particles  of  Veduced  copper,  which  act  as  so  many  secondary 
conducting  plat^,  and  tend  to  dissipate  the  force  of  the  princi- 
pal current,  and  divert  it  into  smaller  channels.  Another  diffi- 
culty consists  in  the  decomposition  of  the  sulphate  of  zinc  by  the 
operation  of  the  current,  and  the  deposition  of  metallic  zinc 
upon  the  copper  plate,  thus  converting  it  practically  into  a  zinc 
plate,  and  causing  it  to  set  up  a  counter  current.  These  diffi- 
culties are  overcome  by  separating  the  ainc  plate  from  ihe  cop- 
per plate  by  the  intervention  of  a  porous  cup,  and  tlius  pre- 
venting the  sulphate  of  copper  from  coming  into  direct  contact 
with  the  zinc,  and  the  sulphate  of  zinc  with  the  copper.  This 
form  of  the  instrument  constitutes  Daniell's  battery,  and  the 
arrangement  is  as  follows;  Fig.  151.  z  represents  a  solid  bar 
of  zinc,  placed  in  a  cup  of  poi-ous  earthen  ware,  and  filled  with 
acidulated  water ;  c  represents  the  copper  plate,  made  in  the 
form  of  a  cylindrical  cup,  open  at  the  top,  and  closed  at  the 
bottom,  and  filled  with  a  solution  of  sulphate  of  copper.  On 
the  inner  side  of  the  rim  of  this  cup  is  supported  a  copper  shelf, 
pierced  with  holes,  for  the  purpose  of  containing  some  crystals 

314.  What  are  some  of  tbc  difflctilties  connected  with  Uie  operation  of  the  common 
battery?    Describe  Daniell 's  battery. 
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Danielts  Battery  Dissected. 


of  sulphate  of  copper,  winch,  by  its 
gradual  dissolving,  may  maintain  the 
8tix^ng:h  of  the  sulphate  of  copper  so- 
lution placed  below.     As  soon  as  the 
zinc  and  copper  plates  are  conn  eel  ed 
by  a  wire,  a  steady  current  of  elec- 
tricity begins  to  circulate,  which  will 
continue    to   flow   for   many   hours. 
The  zinc,  as  soon  as  it  is  introduced 
into  the  acidulated  water,  decomposes 
it  in  the  usual  manner,  and  the  libera- 
ted hydrogen  is  carried  towards  the 
conducting  plate,  directly  through  the 
porous  cup.     As  soon  as  it  enters  the 
sulphate  of  the  oxide  of  copper,  it 
seizes  upon  the  oxygen  of  the  oxide, 
and  is  re-converted  into  water,  giving  up  its  clectriciiy  at  the 
same  moment  to  the  copper  of  the  oxide,  w4iieh  is  at  once  de- 
posited upon  the  sui'face  of  the  copper  cylinder.     The  sulphuric 
acid  which  is  set  free  from  the  sulphate  of  copper,  represented 
in  the  figure  by  SO^,  finds  its  way  into  the  forous  cup,  where  it 
assists  in  keeping  up  the  strength  of  the  acid  solution,  and  is  ulti- 
mately converted   into   sulphate  of  zinc   by  uuitihg  with  tlie 
oxide  formed  upon  the  sin'face  of  tlie  zinc  rod.     The  porous 
cup,  though  it  is  sufficiently  firm  to  prevent  the  two  liquids  from 
mingling,  opposes  no  impediment  to  the  passage  of  the  hydrogen 
through  it  in  one  direction,  and  of  the  sulphuric  acid  in  the 
other,  by  the  polarization  of  the  chain  of- liquid  particles  which 
penetmtes  it.     By  this  arrangement,  the  hydrogen  is  prevented 
from  reaching  the  copper  plate  and  setting  up  a  counteracting 
current,  and  the  copper  set  free  from  the  oxide,  cannot  pass 
through  the   porous  cup  and  attach  itself  to  the  zinc  plate. 
At  the  same   time,  the    sulphate  of  zinc  is   prevented   from 
passing  over  to  the  copper,  depositing  metallic  zinc,  and  con- 
verting  it  practically  into  a   second   zinc   plate,  directly  op- 
posed to  the  first.     The  result  is,  that  such  a  battery  will  keep 
up  a  steady  current  of  electricity  for  many  hours,  and  hence  is 
often  called  the  con*?tant  battery.     The  actual  form  of  this  bat- 
tery is  shown  in  Fit/,  152.     v  represents  a  glass,  or  earthen- 
ware jar;    g,    the    copper   cylinder,  pierced   with    holes;    c, 


What  becomes  of  the  hydrogen? 
ered  with  zinc  ? 


How  is  the  copper  plate  prerented  from  being  cov« 
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Fi«-  152.  the  colander,  filled  with  crystals 

of  sulphate  of  copper;  P,  the  po- 
rous cup ;  z,  the  rod  of  zinc ;  p 
and  n  are  thin  strips  of  copper,  for 
connecting  with  olher  cells.  In 
this  battery,  the  hydi-ogen  is  re- 
moved by  chemical  means.   ' 

3^5.  Grove'*!  Battery.  In 
this  battery,  the  hydrogen  is  also 
removed  by  chemical  means,  and 
it  depends  for  its  action  upon  the 
peculiar  effect  of  this  substance  on 
nitric  acid.  This  acid  is  a  com 
pound  of  nitrog(m  and  oxygen,  find 
may  be  represented  by  the  symbol 
TW)^,  i.  e.,  five  proportions  of  oxy- 
gen, to  one  of  nitrogen.  Hydrogen 
discharged  into  this  substance,  decomposes  it  by  appropriating 
one  proportion  of  oxygen,  forming  water,  and  converting  NO* 
into  NO*,  or,  nitric  into  nitrous  acid.  Tlie  latter  differs  from  the 
former,  in  possessing  a  deep  red,  or  mahogany  color,  and  emitting 
di^ep  red  acid  fumes.  By  tins  action,  the  hydrogen  is  tmn:rferred 
from  the  gaseous  into  the  liquid  state.  In  Grove's  battery,  the 
conducting  plate  is  miule  of  platinum,  and  is  immei'sed  in  a  po- 
rous cup,  of  clay,  filled  with  strong  nitric  acid,  and  placed  in  tlie 
centre  of  a  zinc  cylinder,  surrounded 
by  acidulated  water.  In  Fig,  153,  z 
represents  the  zinc  cylinder,  open  at 
both  ends,  and  ])laced  in  a  jar  of  gla«s 
or  earthen-ware,  filled  with  acidula- 
ted water ;  P  represents  the  platinum 
plate,  placed  hi  the  interior  of  the 
porous  cup,  filled  with  strong  nitric 
acid.  The  hydrogen,  set  free  by 
the  zinc,  instead  of  being  permitted 
to  strike  directly  upon  the  platinum 
plate,  passes  through  the  porous  cup 
into  the  nitric  acid,  where  it  is  con- 
verted into  water  by  uniting  with 
one  proportion  of  the  oxygen  con- 
Gfrwe'5  BatUry,  Dissecud.         taiued  in  the  acid,  as  represented  in 


846.  Describe  Omve's  battery. 

14* 


With  what  liquid  is  the  porooB  cup  filled? 
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the  figure,  and  converting  it  into  nitrous  acid ;  at  the  same 
moment,  it  yields  up  its  electricity  to  the  nitrons  acid,  by 
which  it  is  conveyed  to  the  conducting  platinum.  By  this  pro- 
cess, the  nitric  is  rapidly  changed  into  nitrous  acid,  a  substance 
emitting  a  large  quantity  of  red  and  acid  fumes,  and  is  also 
rapidly  diluted  by  the  drops  of  water  steadily  added  to  it. 
The  strength  of  the  nitric  acid  is  therefore  continually  diminish- 
ing, and  the  constant  action  of  this  battery  is  not  so  great  as 
DanielFs.  By  the  complete  and  energetic  abporption  of  the  hy- 
drogen in  this  battery,  ]:ower  is  amazingly  increased,  and  it 
constitutes  the  best  form  of  the  instrument,  being  distinguishi  d 
for  the  steadiness  and  intensity  of  its  action  ;  and  12  or  24  euj  s 
of  it  are  quite  sufficient  for  performing  all  the  most  brilliant 
galvanic  experiments.     In  order  to  use  several  cups  at  once,  ti.e 

platinum  plate  of  one  pair 
Fig.  164.  must  be  connecttd  with 

the  zinc  of  the  succeed- 
ing pair,  and  the  termi- 
nating |olar  wires  at- 
tached, one  of  them  to 
the  extreme  platinum, 
and  the  other  to  the  ex- 
treme zinc  plate.  The 
actual  form  of  the  in- 
strument is  seen  in  Fi<jf, 
154,  where  z  represents 
the  zinc  cylinder,  sur- 
rounded by  acidulated 
water;  v,  the  porous 
cup,  filled  with  nitric 
acid,  and  containing  the 
platinum  plate,  p ;  b  and 
a,  are  screws,  for  the  attachment  of  wires.  This  battery  dis- 
charges a  large  amoinit  of  acid  fumes,  and  it  should  always  be 
placed  in  the  open  air,  or  in  the  strong  draught  of  a  chimney. 
34^  Bunaen's  Battery.  It  is  not  necessary  that  the  con- 
ducting plate  be  made  of  metal ;  any  good  conductor  of  elec- 
tricity will  answer  equally  well.  Advantage  is  taken  of  this 
in  Bunsen's  battery,  which  resembles  Grove's,  exactly,  except 
in  the  8ub>titulion  of  carbon  cylinders  for  the  platinum  plates. 


Orove^t  Battery. 


WhatbecomMof  thehydroffrn?    Whiit  is  Mid  of  the  intend^  and  coitftanqr  of  tfait 
battery  ?— 846.  Describe  Bunaen's  htXUsry. 
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^^ 


Bunsen's  Battery, 


Fig.  156. 


Fig.  156,  Carbon  is  an  excellent  conductor 

of  electricity,  and  on  account  of 
ltd  great  cheapness,  compared 
with  platinum,  which  is  a  very 
expen:5ive  metal,  is  much  to  be 
preferred.  The  form  of  the  ap- 
paratus is  much  larger.  Tlie 
carbon  cylinders  are  composed  of 
solid  gas  coke,  found  in  the  inte- 
rior of  iliuminating-gas  retorts, 
or  else  of  powdered  coke,  mixed 
with  sugar,  and  baked.  Porous 
cups,  of  corresponding  size,  filled 
with  nitric  acid,  are  u>ed.  These 
batteries  are  sold  in  Paris  for 
about  5  Francs  the  cup.     Mff.  155. 

347.  Bmee's  Battery-  This  form  of  the  battery  is  also 
designed  to  increase  power  by  favoring  the  escape  of  the  hydro- 
gen. It  does  so,  however,  by  me- 
chanical means,  instead  of  chemi- 
cal, and  not  so  perfectly  as  in  Grove's 
and  Bunsen's  batteries.  It  has  been 
found  tliat  the  bubbles  of  hydrogen 
adhere  with  considerable  force  to 
the  smooth  surfaces  of  conducting 
plates,  but  escape  readily  from  the 
angles  and  edges.  The  conducting 
plate  in  Smee*s  battery  is  made  of 
silver,  roughened  by  the  deposition 
upon  it  of  spongy  platinum  from 
some  solution  in  which  it  has  been 
dissolved,  and  by  this  roughness  of 
surface  the  discharge  of  the  gas  is 
much  facilitated.     Fig.  156. 

948.  nianaflrMiieiit  of  Batteries. 
In  all  these  batteries,  it  is  to  be  noted  that  the  real  source  of 
the  electric  current  is  the  decomposition  of  water  by  zinc; 
but  this  water  must  be  acidulated  with  sulphuric  acid  in  the 
pro[X)rtion  of  1  part,  by  measure,  of  acid,  to  8  parts  of  water. 
When  very  energetic  action  is  required,  the  solution  may  be 
made  stronger.     As  great  heat  is  produced  on  mingling  the  acid 


Snue't  Battery. 


847.  DefKiibe  Smee^B  battery  .—948.  What  precautioiui  mast  be  i&dopted  in  the  manago- 
meot  of  batteriea  7 
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Bnd  water,  the  mixture  should  be  made  eome  time  before  use, 
and  allowed  to  cooL  The  nitric  acid  sliould  be  the  strongest 
that  can  be  procured,  and  never  diluted.  It  is  always  decom- 
]H}6ed  by  the  action  of  the  battery,  producing  a  iarge  quantity 
or*  corrosive  fumes,  and  should  not  be  employed,  therefore,  in  a 
closi'd  room,  or  in  one  in  which  there  is  any  nice  apparatus.  It 
is  essential  that  the  zincs  be  well  amalgamated  by  dipping  them 
into  mercury,  upon  the  surface  of  which  floats  a  quantity 
of  diluted  chlorohydric  acid,  (muriatic  acid.)  The  zinc  is 
cleaned  as  it  passes  through  the  dilute  acid,  and  the  mercury 
immediately  amalgamates  with  it,  giving  it  a  bright  and  smooth 
surface.  They,  should  always  be  thoroughly  wa-hed  in  abun- 
dance of  pure  water,  after  use  in  the  battery.  The  wires  for 
connections  should  be  of  copper,  well  annealed,  so  as  to  be  very 
flexible.  The  ends  of  these  wirt»8  should  be  carefully  bright- 
ened with  a  file,  or.  by  amalgamation  with  mercury  before  at- 
tachment to  the  binding  cups ;.  in  all  cases,  the  ends  of  the  bind- 
ing screws  should  be  brightened  by  a  iilef  pp  sand  paper,  before 
use,  and  all  metallic  connections  carefuUf' examined.  Not  un- 
ii*equ<*ntly  the  action  of  a  very  powerful  battery  is  greatly 
imi>eded,  or  entirely  stopped,  by  a  slight  film  which  has  formed 
on  some  coimecting  surface.  Where  tlHi..electrica]  charge  is  to 
be  passed  tliroggh  water  for  the  purpose  of  decomposing  it,  the 
wa :er  must  be  acidulated.  It  is  advantageous  to  have  the  coup- 
1  ngs  of  the  cells  of  a  battery  arranged  in  euch  a  way  that  Jt 
can  be  used  either  as  a  battery  of  intensity,  or  a  battery  of 
quantity.  The  effects  of  these  arrangements  arewidely  dif- 
jerent,  as  Avill  be  seen  hereafter.  If  it  is  desiredi|l^se  a  bat- 
tery of  intensity,  the  conducting  plate  of  the  first  cell  should  be 
connected  with  the  generating  plate  of  the  second  cell,  and  so 
on,  in  a  regular  series,  as  represented  in  Fiff.  157.     On  the 

Fig.  157. 


Ammgtment  of  a  Battrry  of  Intensity, 

Other  hand,  if  a  battery  of  quantity  be  desired,  the  generating 
plates,  i.  e.,  the  zincs,  of  all  the  cells,  should  be  connected  to- 
gether, and  the  conducting  plates  in  the  same  manner,  as  rcpre- 
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Jjrrof^ement  of  a  BatUry  of  Quantity. 

sented  in  Fig,  158.  By  such  an  arrangement,  the  various  zincs 
practically  become  one  large  zinc  plate,  and  the  various  con- 
ducting plates  one  large  conducting  plate,  and  the  quality  of  the 
electricity  produced  is  materially  changed. 

3  ft9.  Sa  Xfuc'a  Pile.— Dry  Pile.  This  is  a  galvanic  arrange- 
ment, not  requiring  the  use  of  any  liquid,*  and  named  from  its 
inventor.  It  was  introduced  shortly  afler  the  invention  of  the 
voltaic  pile.  It  coteists  of  a  number  of  alternation^,  of  very 
thin  sheets  of  metal,  with  paper  interpesed  between  them. 
Tiiin  paper,  coated  with  gold' or  silver  leaf  on  one  side,,  should 
b3  covered  on  the  uncqated  side  with  thin  zinc  fo:L  This  paper 
should  then  b3  punched  out  into  circular  discs  of  about  an  inch 
in  diameter,  and  these  arranged  in  such  a  w^a^  that  the  same 
•order  of  succession,  viz.,  zinc,  paper,  silver,  zinc,  paper,  silver, 
should  be  preserved  throughout,  exactly  as  the  discs  are  arranged 
in  the  voltaic  pile.  From  500  to  1000  such  pairs  are  required 
to  produce  an  active  column,  and  they  are  most  conveniently 
pi  iced  in  a  glass  tube,  perfectly  clean  and  dry  witliin,  and  sur- 
mounted at  each  end  by  a  brass  cap,  perforated  by  a  screw, 
which  may  Serve  to  compress  the  discs,  and  also  act  as  the 
poles  of  the  pile,  the  screw  at  one  end  being  in  contact  with  the 
silvered  side  of  the  disc,  and  constituting  the  positive  pole,  and 
that  at  the  other  with  the  zinc  discs  and  forming  the  negative 
pole.  The  electrical  current  in  this  pile  is  due  to  the  slight 
oxidation  of  the  zinc  discs  by  the  moisture  contained  in  the 
paner.  If  the  paper  be  artificially  dried,  the  pile  loses  its  ac- 
tivity, but  again  recovers  its  energy  as  the  paper  re-ab>orhs 
mosture  from  the  air.  Provided  the  two  extremities  of  this 
pile  remain  unconnected,  it  will  retain  its  activity  for  years ;  but 
if  the  two  poles  are  connected  by  a  wire,  the  zinc  discs  become 


due? 


De^ribe  De  Lnc'»  drv  pUe     Tf>  what  Is  the  e'ecfrlcal  current  in  De  Lue^a  pi!« 
What  fo  the  e(R»ct  of  drying  the  papet  artificially? 
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gradually  oxidized,  and  the  electrical  power  is  destroyed.  Witli 
a  De  Luc's  pile  containing  20,000  discs  of  zinc  paper  and  8il«- 
ver,  sparks  have  been  obtained,  and  a  Leyden  battery  chai^d 
sufficiently  to  produce  shocks.  A  more  effective  instrument  is 
prepared  by  uding  finely  powdered  peroxide  of  manganese,  in 
place  of  the  gold  or.  silver  leaf.  One  surface  of  the  paper  disc 
is  coated  with  zinc,  the  other  with  the  peroxide,  either  dry  or 
attached  by  honey  and  water.  A  metaUic  plate  is  placed  at 
each  end  for  a  conductor  and  the  whole  series  is  tied  together 
\S  silk  thread ;  the  outside  is  then  coated  by  dipping  it  in  melted 
sulphur.  The  superior  power  of  this  instrument  depends  upon 
the  affinity  of  the  hydrogen,  produced  by  the  action  of  the  zinc 
upon  the  moisture  of  tlie  paper,  for  the  oxygen  of  the  peroxide, 
in  virtue  of  which  it  is  reconverted  into  water,  and  the  paper 
kept  continually  moist. 

330.  Proof  of  tiie  limilarlty  of  tlio  oloctricUy  of  tbo  Bmt- 
tor^  aad  that  cf  tho  Bloctrical  Machino.  The  relation  be- 
tween the  electricity  of  the  voltaic  battery  and  that  of  tlie  elec- 
trical machine,  may  be  readily  ascertained  by  means  of  a  Efe 
Luc*s  pile.  On  implying  such  a  pile,  containing  500  or  1000 
discs,  by  that  extremity  which  is  in  contact  with  the  last  silver 
disc,  and  which,  consequently,  represents  the  end  of  the  coik 
ducting  plate  in  the  common  voltaic  battery,  to  the  knob  of  the 
gold  leaf  electroscope,  Fig,  115,  whose  leaves  have  been  made 
to  diverge  with  positive  electricity,  its  leaves  will  still  continue 
divergent.  If  the  opposite,  or  zinc,  end  of  the  pile  be  then  ap- 
plied to  the  electroscope,  its  divergent  leaves  will  first  coFapf^e, 
and  tken  diverge  again.  Consequently,  we  infer,  (see  §  507, 
p.  280,)  that  the  silver  end  of  the  pile,  or  the  conducting  end 
of  the  common  battery,  is  excited  with  poiiHve^  and  the  zinc 
e!id  with  negative  electricity.  Thus  a  connection  is  established 
between  the  electricity  of  the  conducting  end  of  the  battery,  and 
that  of  the  prime  conductor  of  the  electrical  machine,  and  the 
electricity  of  the  zinc  end  and  that  of  the  rubber  of  the  Fame 
machine.  If  the  wires  attached  to  the  two  ends  of  a  De  Luc's 
pile  be  made  to  terminate  in  two  small  discs,  which  are  brought 
within  an  inch  and  a  half  of  each  other,  and  carefully  insulated, 
an  insulated  slip  of  gold  leaf,  suspended  midwny  between  tlie 
two  discs,  will  first  be  attracted  to  tJie  po-itive  disc,  then  repelled 
and  attracted  towards  the  negative  disc,  and  thus  a  state  of  per- 

Explaln  the  ase  of  paper  ooAted  iHth  the  peroxide  of  mangMWfe  in  place  of  the  lilTer 
knf  ?— 8j0.  Hiw  m&y  the  nlniflarity  of  the  electricity  of  the  battery*  and  thnt  of  the  eloo> 
trioal  machine,  be  prored  by  De  Luc'a  pile?  How  may  it  be  proved  b^  the  ordizMii;y 
bttttery  ? 
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petnal  oscillation  produced  which  will  continue  uninterrnpteflly 
for  months  or  years.  The  oppositely  electrified  state  of  the  two 
poles  of  the  Toltaic  pile  may  also  be  shown  with  the  ordinary 
battery,  by  attaching  the  wire  connected  with  one  pole  of  a 
powerful  battery  to  the  foot  of  the  electroscope,  and  the  wire , 
connected  with  the  other  pole  to  the  knob  or  pkte  of  the  instru- . 
ment,  the  gold  leaves  will  diverge  powerfiilly,  the  platinum  end 
furnishing  positive,  and  the  zinc  end  negative,  electricity. 

3S1.  The  diflbronca  between  Chdvanic  and  Statical  Blec- 
trieity*  Galvanic  electricity  diflTers  essentially  from  that  of-  the 
electrical  machine  in  possessing  feeble  intensity ;  and  therefore 
but  little  power  of  overcoming  obstacles  placed  ii  its  path,  giv- 
ing shocks  and  the  like.  It  is  incapable  of  producing  many  of 
the  effvjcts  of  the  electrical  machine,  and  its  influence  upon  elec- 
trometers and  electroscopes  is  extremely  slight  A  Leyden 
jar  can  only  be  charged  with  great  difficulty  by  making  a  com- 
munication between  one  of  its  surfaces  and  one  pole  of  the  bat- 
tery, while  the  other  surface  is  connected  with  the  opposite  pole. 
When  the  polar  wires  are  brought  near  each  other,  only  a  feeble 
spark  will  pass,  and  on  establishing  the  communication  between 
them  by  means  of  the  hands  previously  moistened,  a  shock  is 
felr,  but  only  for  a  moment  On  the  other  hand,  it  is  developed 
in  much  larger  quantity  than  ordinary  electricity,  and  in  a 
steadily  flowing  current;  it  possesses,  also,  heating  power  of 
much  greater  intensity,  extraordinary  powers  of  chemical  decom- 
position,  and  a  wonderful  influence  in  producing  magnetism. 
Moreover,  if  the  current  from  a  powerful  battery  be  passed 
through  the  great  centres  of  the  nervous  system,  the  most  aston- 
ishing muscular  contractions  are  excited.  It  is  capable  of  pro- 
ducing, therefore,  remarkable  heating,  chemical^  magnetic,  and 
physiological  effects. 

392.  Oahraaie  Batteries  ef  Histeric  Nete.  Among  memo* 
rable  apparatus  of  this  class  which  have  obtained  celebrity  in 
the  history  of  physical  science,  may  be  mentioned  the  pile  of 
2000  pairs  of  plates,  each  having  a  surface  of  32  square  inches, 
at  the  Royal  Institution,  London,  with  which  Sir  H.  Davy 
made  his  great  discovery  of  the  decomposition  of  the  alkalies, 
— potash  and  soda ;  also  the  great  pile  of  the  Royal  Society, 
of  nearly  the  same  magnitude.  In  1808,  the  Emperor  Napo- 
leon presented  to  the  Polytechnic  School,  at  Paris,  a  battery  q£ 

851.  State  the  chief  pointo  of  dlfbrence  ai  to  Intensityf  qnanklty,  ebemka]  decomponi* 
tion,  nwfpiAtlc  fnfluenoe,  ftc,  between  the  eleetrlcHy  of  the  machine,  and  that  of  Umi 
battery  .^«58.  ll«ntloa  wmim  of  the  gslyank  batteriei  of  historie  nolo. 
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600  paii-s  of  plates,  having  each  a  square  foot  of  surface.  It 
was  with  this  apparatus  that  several  of  the  most  import^int 
researches  of  Gay  Lussac  and  Thenard,  were  conducted.  Chil- 
dren's great  battery,  in  London,  conj^isted  of  1 6  paii-s  of  plates 
each  plate  measuring  6  feet  in  length,  and  2|  feet  in  width,  to 
that  the  copper  surface  of  each  amounted  to  32  square  feet ; 
and  when  the  whole  was  connected,  there  was  an  effective  .sur- 
face of  512  square  feet.  Dr.  Hare's  Deflagrator,  in  Philadel- 
phia, consisted  of  80  pairs  of  plates,  each  zinc  surface  measur- 
ing o4  square  inches,  and  each  copper  80  square  inches.  Pe|  y's 
battery,  at  the  London  Listitution,  consisted  of  pairs  of  ciior- 
raous  size,  composed  of  a  sheet  of  copper,  and  a  sheet  of  zinc, 
measuring  each  50  feet  in  length,  and  2  feet  in  widtli.  Tht-se  , 
were  wound  round  a  rod  of  wood  with  horse  hair  between  them. 
Kach  bucket  conta'ned  55  gallons  of  the  exciting  liquid.  With 
the.«e  batteries  most  extraordinary  effects  were  produced. 
When  the  poles  were  dipped  beneath  the  surface  of  water,  a 
large  quantity  of  oxygnn  and  hydrogen  was  produced,  and  the 
water  speedily  grew  very  hot ;  iron  wire  melted  and  fell  down 
in  globules,  and  steel  burned  with  brilliant  scintillation^.  Wi.li 
Children's  great  battery  many  substances  were  fused  which  were 
exposed  to  the  best  wind  furnaces  without  any  effect.  A  p'ece 
of  platinum  wire,  l-30th  of  an  inch  in  diameter,  and  18  inches 
long,  became  instantly  red,  then  white  hot,  with  a  brilliancy  in- 
supportable to  the  eye,  and  in  a  few  seconds  was  fused  into 
globules.  When  charcoal  points  were  attached  to  the  poles  of 
the  battery  of  the  Royal  Institution,  a  magnificent  display  of 
light  was  produced,  the  flame  darting  from  one  point  to  the  oiher 
when  they  were  four  inches  apart,  and  curving  upwards  in  an 
firch.  When  any  substance  was  held  in  this  arch  it  became 
instantly  ignited,  platinum  was  melted  in  it,  like  wax  in  a  can- 
die,  quartz,  sapphire,  magnesia,  lime,  all  fused,  and  the  diamond 
and  plumbago  entered  into  combustion  and  disappeared  in  the 
aT.  These  batteries,  however,  and  all  similar  apparatus,  power- 
ful as  they  were,  and  memorable  as  the  discoveries  in  ])hysic8 
are  to  which  they  have  been  instrumental,  have  fallen  into  disuse 
since  the  invention  of  the  batteries  of  Grove  and  Daniell,  with 
two  liquids.  These,  with  a  number  of  pairs  of  plate^,  not  ex- 
ceeding 40,  and  expo-^ing  a  surface  not  exceeding  100  square 
inches  each,  produce  a  power  equal  to  the  largest  of  the  batteries 
above  described. 

Describe  the  ofTeotji  produced  by  Children's  battery,  and  that  of  the  Bojal  lostitution. 
Why  aru  these  great  batteries  no  loader  uwd ! 
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353.  Beating' eflfocts  of  the  OalTanicCarrent.  In  all  cases 
where  electricity  is  in  motion,  the  force  is  conveyed  by  the  en- 
tire thickness  of  the  conductor,  and  not  by  the  surface  alonf^. 
If  the  wire  connecting  the  poles  of  a  small  galvanic  battery  be 
made  to  pass  through,  or  be  carried  around,  the  bulb  of  aiv  a  r 
theiTfiomater,  as  soon  as  the  current  circulates,  a  very  perceptible 
effect  will  be  produced  upon  the  instrument.  If  the  battery  be 
large,  and  the  wire  small,  the  latter  will  become  very  hot,  some- 
times be  made  red-hot,  and  actually  melted.  This  is  owing  o 
the  smallness  of  the  diameter  of  the  conducting  wire,  by  which 
a  large  quantity  of  the  electrical  current  is  compelled  to  traverse 
a  limited  number  of  conducting  particles  in  a  given  time.  The 
rise  of  temperature  in  the  wire  is  inversely  proportional  to  its 
conducting  power,  and  therefore  the  poorer  the  conductor,  the 
greater  the  heat  produced.  This  may  be  shown  by  forming  a 
chain  of  alternate  links  of  silver  and  platinum,  and  transmitting 
through  it  a  current  from  a  powerful  battery.  The  silver  being 
a  good  conductor  of  electricity,  and  not  obstructing  the  passage 
of  the  current,  exhibits  no  intense  heat,  while  the  links  of  plati- 
num, in  consequence  of  the  poor  conducting  power  of  that  metal, 
almost  immediately  become  red-hot.  The  conducting  power  of 
the  metals  for  electricity  varies  nearly  in  the  same  order  as  their 
power  of  conducting  beat.  Charcoal,  however,  though  a  bad 
conductor  of  heat,  is  an  exceedingly  good  conductor  of  electri- 
city. Elevation  of  temperature  diminishes  the  conducting  power 
of  the  metals.  This  may  bie  proved  by  transmitting  through  a 
platinum  wire  a  gjdvanic  current  sufficient  to  nuike  it  red-hot ; 
and  while  the  current  is  still  passing,  igniting  a  small  part  of 
the  wire  by  the  flame  of  a  spirit  lamp ;  the  rest  of  the  wire 
immediately  ceases  to  glow^,  in  consequence  of  the  obstruction 
at  the  point  of  ignition,  and  the  Consequent  diminution  in  the 
flow  of  the  current. 

354.  Ignitioii  produced.  The  heat  produced  by  the  elec- 
trical current  may  rise  so  high  as  to  produce  ignition  of  the 
most  refractory  substances.  Carbon  is  the  only  substance  which 
can  not  be  melted  by  the  pile,  though  with  six  hundred  Bunseu 
cells  it  has  been  softened  to  such  a  degree  that  adjoining  pieces 
will  adhere,  which  seems  to  indicate  the  cgmmencement  of  fusion. 

858.  How  may  the  heat  of  the  connecting  wire  be  dhown  by  an  air  thermometer? 
What  ediact  is  produced  upon  the  heat  of  the  wire  by  reducing  its  lize?  To  what  in  the 
rlw  of  temperature  in  the  win*  iuvenwiy  proportional?  Uow  may  this  be  shown  by  a 
chain  of  alternate  links  of  platinum  and  nlver?  What  eff<>ct  h'ls  eleTntion  of  tempera- 
ture on  the  coDductiug  powpr  of  tU«  motftla  ?— SM.  Ptwcribe  cases  of  lipiition  produced 
by  the  curreni. 
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Platinum,  which  can  not  be  melted  by  the  most  intense  heat  of  a 
wind  furnace,  is  immediately  made  white-hot,  and  fused  by  a 
powerful  battery.  It  is  said  that  if  two  platinum-poin'ed  pen- 
cils, connected  with  the  poles  of  the  battery,  be  presented  point 
to  point,  so  that  the  current  may  pa«s  between  them,  they  will 
be  fused  and  soldered  together,  and  that  this  effect  will  he 
equally  produced  under  wa*er.  The  other  metals  are  not  only 
melted,  but  volatilized,  and  diss'pated  in  vapor.  Iron  and  pla- 
tinum bum  with  a  shining  white  light;  lead,  with  purple;  tin 
and  gold,  with  bluish  light ;  zinc,  with  white  and  red ;  copper 
and  silver,  with  a  greeni-h  light.  These  effects  arc  displayed 
with  increased  splendor  if  the  metal  to  bo  burned  be  attached 
to  a  wire  connected  with  the  positive  |K)le,  and  then  applied  to 
the  surface  of  mercury  connected  with  the  negative  pole.  If 
a  piece  of  steel  watch  spring,  thus  attached,  be  brought  near  the 
surface  of  a  cup  of  mercury  connected  with  the  negative  po!e, 
the  most  beautiful  scintillations  will  be  produced;  a  steel  file 
will  answer  nearly  the  same  purpose.  If  two  steel  or  iron 
wires,  connected  with  the  two  poles,  be  brought  near  each 
other,  vivid  sparks  will  pass  from  one  to  the  other,  and  if  they 
both  be  coated  with  lamp-black,  by  holding  them  in  the  flame 
of  an  oil  lamp,  the  sparks  will  be  much  brigliter,  especially 
if  the  two  wires  be  held  opposite  each  other,  directly  in  the 
flame  of  the  lamp. 

355.  ZiuminoiiB  elfocts*  All  combustible  substances,  whet  her 
Folid  or  liquid,  such  as  ether,  alcohol,  phosphorus,  and  gunpow- 
der, may  be  inflamed  by  passing  the  galvanic  current  through 
them.  A  platinum  wire,  several  yards  in  length,  can  be  made 
to  glow  w.th  intense  brilliancy;  and  the  effect  is  greatly  in- 
creased if  the  wire  be  wound  into  the  fomi  of  a  spiral  helix. 
Oxygen  and  hydrogen  gases ;  also,  hydrogen  and  chlorine,  are 
combined  by  the  spark,  with  a  bright  flash,  and  loud  explosion; 
When  i^ieces  of  well  burned  charcoal  are  attached  to  the  wires,  ^ 
and  become  the  poles  of  the  battery,  on  bringing  them  near 
each  other,  a  most  brilliant  arc  of  flame,  emittmg  the  brightest 
artificial  light  known,  flashes  between  them.  The  compact 
coke  of  gas  retorts  is  better  adapted  to  this  purpose  than  any 
other  form  of  charcoal.  The  points  must  be  brought  near  each 
other,  and  then  gradually  separated.  Fig,  159  ;  a  is  the  positive 
pole,  h  the  negative.     As  they  are  drawn  apart  by  the  rack  and 

How  may  the  9pI«ndor  of  the  light  prodnred  by  the  buming^  metals  be  Increased  ?— 
855.  De»Tlbe  the  luminous  effect*  produced  by  charcoal  points.  What  atrangouent  <tf 
the  points  increases  the  luminous  ^Eect  ? 
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Fi«.  16».  pin-on,  the  b*ght 

and  flame  still 
continue,  assum- 
ing the  form  of  a 
curved  arc.  If 
the  different  met- 
als are  placed  in 
this  flame  they 
are  volatilized  at 
once,  and  pass 
off  in  fumes.  So 
intense  is  the 
light,  that  it  maj 
be  used  in  opti- 
cal experiments 
in  place  of  the 
lj<;ht  of  the  sun. 
I  The  luminous  ef- 
^  feet  is  found  to 
be  increased  if 
the  upper  piece 
of  carbon  be 
made  the  posi- 
tive, and  the  lower  the  negative  pole.  And  if  the  two  carbon 
points  are  arranged  in  a  horizontal  position,  at  right  angles  to 
the  magnetic  meridian,  the  length  of  the  luminous  arc  is  said  to 
be  greater  in  the  proportion  of  20.8  to  16.5,  when  the  positive 
pole  is  to  the  east,  than  when  it  is  to  the  west. 

350«  DnlMMcq's  Blaciric  Xamp.  During  the  production 
of  this  dazzling  light  there  is  a  considerable  transport  of  the 
particles  of  carbon  from  the  positive  to  the  negative  pole.  A 
cavity  is  always  produced  in  the  carbon  connected  with  the  posi- 
tive pole,  and  a  deposit,  continually  increasing  in  length,  is 
formed  upon  the  negative  pole.  In  Fig,  160  is  represented  an 
exceedingly  ingenious  apparatus  for  keeping  this  light  at  a  fixed 
point  in  space  so  that  it  may  be  used  in  the  solar  microscope. 
Ordinarily  the  position  of  the  light  is  continually  changing  as 
the  negative  pole  is  increasing  at  the  expense  of  the  positive ; 
and  this  unfits  it  for  use  in  connection  with  lenses ;  but  in  this 
apparatus  this  difficulty  is  overcome,  and  when  placed  in  the 


Lrnninous  Ilffeett  of  tkt  Battery. — Charcoal  Poimts, 


8S6  What  Chang*  takes  place  In  the  length  of  the  charcoal  points  during  the  i      _ 
of  the  current?    ]f  the  position  of  the  light  he  made  fixed,  inr  what  purpose  may  it  b« 
UMd?    Describe  Fig.  1Q5. 
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Fig.  160. 


Duboseq^s  Electric  Lamp. 


microscope,  the  image  of  the  two  points  is  formed  upon  a 
screen  at  some  distance,  upon  an  enlarged  scale.  From  this 
image,  as  shown  in  the  figure,  the  peculiar  shape  assumed  hy 
the  two  poles  can  be  plainly  seen,  and  also  the  procei^s  of  trans- 
port, by  which  one  increases  at  the  expense  of  the  other.  TJiis 
exceedingly  elegant  instrument  is  the  invention  of  M.  Duboscq, 
of  Paris,  and  is  intended  to  be  used  in  the  performance  of  opii- 
cal  experiments,  in  place  of  Folar  light 

357.  Discovery  of  the  Electric  Light  Sir  H.  Davy,  in 
1801,  at  London,  was  the  fii-st  to  perform  the  experiment  of 
the  electric  light,  and  with  the  great  battery  of  the  Boyal  In- 
stitution, consisting  of  2000  pairs  of  plates,  obtained  an  arc 
of  flame  between  two  charcoal  points,  4  inches  in  length.  This 
charcoal  had  been  prepared  by  heating  it  red-hot,  and  then 
quenching  it  beneath  the  surface  of  mercury.  Despretz,  how- 
ever, with  GOO  cells  of  Bnnsen,  arranged  consecutively,  suc- 
ceeded, when  the  points  were  placed  vertically,  the  positive 
pole  being^above,  in  obtaining  an  arc  7.8  inches  in  length. 

358«  The  filectric  Xiight  is  not  produced  by  Combustion* 
That  this  is  not  a  case  of  ordinary  combustion  of  charcoal  in 
air,  simply  increased  by  the  action  of  the  galvanic  current,  may 

357.  Who  WM  the  dbcoTerrr  of  the  elertrio  tight  ?  What  ra>ult8  did  h«  attain  ?  What 
len«;th  of  arc  was  obtai.;ed  bjr  0eepi«U  ?— 358.  Show  that  ilie  electric  light  U  not  pit^ 
duccd  by  coiubusUoa 
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Fig.  161. 


be  shown  by  placing  the  charcoal  points  in  the  interior  of  a 
glasi  vessel,  from  which  the  air  has  been  withdrawn  by  the  air 
pump,  Fig.  IGl.  It  will  be  found  that  the  light  is  quite  a-i 
great  as  before.  It  can  even  be  produced 
beneath  the  surface  of  water,  but  U  consider- 
ably diminished  in  splendor.  The  light  is  in 
great  part  due  to  the  continued  tmnsport  of 
minute  particles  of  cai'bon  in  a  state  of  in- 
tense incandescence. 

359.  The  properties  and  intensity  of  the 
Electric  Li^rht.  The  heat  produced  in  the 
voltaic  arc  is  of  the  most  intense  kind.  Phi- 
tinum,  iridium,  and  titanium,  which  resist  the 
greatest  heat  of  the  most  poweiful  wind  fu  - 
iiace,  readily  melt,  when  placed  in  it.  The 
light  is  powerful  enough  to  produce  the  com- 
buiation  of  chlorine  and  hydro;ren  at  a  con- 
siderable distance,  and  without  any  direct  con- 
tact, and  to  act  upon  the  chloride  of  silver,  in 
the  t^ame  way  as  the  light  of  the  Fun.  It  also 
po-ssesses  the  pingular  property  of  being  at- 
tracted by  the  magnet.  Transmitted  through 
a  priem,  the  electric  light  is  decomposed,  and 
produces  a  spectioim  like  that  of  the  sun,  with 
lines  analogous  to  the  lines  of  Fmunhofer,  ex- 
cept that  they  are  bright,  instead  of  dark. 
Tlie  character  of  these  lines  dci)ends  upon 
the  metal  with  which  the  poles  are  tipped.  The  light  produced 
by  18  cells  of  Bunsen,  has  been  estimated  a-^  more  than  that 
proceeding  from  572  candle^ ;  \mder  the  mo  t  favorable  circum- 
stances, it  has  been  computed  as  equal  to  one-third  of  the  inten- 
sity of  solar  light,- and  is  so  bright  that  it  can  not  safely  be  re- 
girded  by  the  naked  eye. 

369.  Connection  between  tiie  heat  of  the  Battery  and  the 
mechanical  einiTalent  of  Heat.  The  chemical  action  within 
the  battery  always  produces  heat,  and  a  definite  amount  of 
chemical  action  a  definite  amount  of  heat ;  no  more  and  no  les-. 
It  has  been  ascertained,  however,  that  if  heat  is  developed 
at  any  point  in  the  circuit  outside  the  battery,  the  amount  c.f 
heat  produced  within  the  batteiy  is  diminished  in  an  equal  ratio, 

359  Whftt  degree  of  hent  ifl  produced  by  the  -roltaic  arc?  Of  light?  If  the  light  be 
transmitted  through  a  glasA  priam,  what  may  be  observed?  How  doe^  it  rouiparo  wlt*i 
the  light  of  the  sun  ?— 8T0.  If  a  portion  of  t'l©  power  of  the  bittery  be  iu>ed  to  produco 
motion,  waat  ttflect  \a  produbed  upou  the  heat  of  im  tMttei;y  I 


Chanoal  Points  in 
Vacuo, 
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and  that  if  the  electrical  current  be  used  to  produce  motion,  as 
it  may  be,  when  employed  to  generate  electro-magnetism,  a  por- 
tion of  the  heat  of  the  entire  circuit  disappears,  having  been  con- 
verted into  mechanical  effect  or  motion.  The  quantity  of  heat 
which  disappears  corresponds  very  nearly  to  that  which  Joule's 
law,  (§  254,)  would  require  for  the  production  of  an  equal  mechan- 
ical effect.  This  serves  to  confirm,  very  strongly,  the  mechanical 
theory  of  heat 

36lm  Beatingr  effbcta  are  best  produced  by  batteriei  of 
quantity.  In  experiments  on  the  heating  effects  of  the  galvanic 
current,  the  battery  should  be  arranged  so  that  the  zinc  plates 
may  all  be  connected  together,  practically  forming  but  one  zinc 
plate,  and  the  platinum  plates,  in  the  same  manner,  forming  but 
one  platinum  plate,  as  shown  in  Fig,  158. 

362.  The  chemical  effects  of  the  galvanic  current*— Its  de- 
composing' power*  The  chemical  effects  of  the  voltaic  current 
are  even  more  remarkable  and  interesting  than  the  heating.  It 
had  been  noticed  in  Holland,  in  1798,  that  a  succession  of 
charges  of  statical  electricity  transmitted  for  a  long  time  through 
water,  by  means  of  platinum  or  gold  conductors  which  nearly- 
touched  each  other,  effected  the  decomposition  of  water ;  and 
in  1800,  shortly  after  the  invention  of  the  voltaic  pile,  it  was 
discovered  by  Nicholson  and  Carlisle,  two  English  chemists, 
that  a  current  of  galvanic  electricity  would  not*  only  decomjwse 
water,  but  that  the  oxygen  would  invariably  be  discharged  at 
the  positive  pole,  and  the  hydrogen  at  the  negative.  This  ex- 
periment led  to  the  application  of  the  galvanic  current  to  other 
chemical  compounds,  with  a  view  to  effect  their  decomposition, 
and  enabled  Sir  H.  Davy,  a  few  years  afterwards,  to  decompose 
the  alkalies,  potash  and  soda,  which  heretofore  had  been  re- 
garded as  simple  substances,  and  to  prove  that  they  were  com- 
posed of  oxygen,  and  two  different  metals,  pot^sium  and  sodium. 
This  great  discovery  was  the  prelude  to  others  of  a  similar  kind, 
and  led  to  the  establishment  of  an  entirely  new  theory  in  regard 
to  the  constitution  of  the  various  rocks,  minerals,  earths,  and 
salts,  of  which  the  earth  is  composed,  viz.,  that  they  all  pdssess 
a  metallic  basis,  and  have  been  produced  by  the  combination  of 
different  metals  with  other  simple  substances,  chiefly  gaseous. 

363.  The  constitution  of  Water.   Pure  water  is  a  compound 

Ii  there  any  correitpondence  between  the  amount  of  heat  thus  converted  into  motkm, 
and  that  which  I*  requirc<l  by  Joule's  law  ?— 361.  Which  kind  of  battery  prodacvs  th« 
grG;ito«t  heating?  eflfect  .'—852.  UTio  dlscorered  the  chemical  effect  of  the  current  ?  Blint 
vao  did  Sir  U.  Davy  make  of  it  ?— 333.  Describe  the  composition  of  wat«r  by  Tolome,  ami 
by  weight,  as  shown  by  its  docomposit&on 
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of  two  gaseous  chemical  elements,  oxygen  and  hydrogen,  and 
hence  is  called  a  binary  compound.  It  is  al  o  composed  of  these 
substances,  united  in  certain  definite  proportions,  both  by  weight 
and  by  volume.  By  weight,  the  projxjrtion  of  oxygen  to  hy- 
drogen is  8  to  1 ;  by  volume,  it  is  as  1  to  2.  Hence,  if  we  wish 
to  produce  water  by  the  combinatio  i  of  these  two  substance.^, 
we  must  U5e  8  parts  by  weight  of  oxygen,  to  1  part  by  weight 
of  hydrogen ;  but  by  volume,  1  measure  of  oxygen,  to  2  meas- 
ures of  hydrogen  ;  and  the^  8  parts  by  weight  of  oxygeii,  com- 
bined with  1  part  by  weight  of  hydrogen,  make  exactly  9  parts 
by  weight  of  pure  water.  On  the  other  hand,  if  we  decompose 
piro  water,  we  always  obtain  one  volume  of  oxygen,  to  two 
volumes  of  hydrogen,  and  every  9  grains  of  water  decomposed 
produce  just  8  grains  of  oxygen,  and  1  grain  of  hydrogen. 
From  this,  it  appears  that  the  proportions  in  which  elements 
unte,  hy  weighty  to  form  compounds,  are  very  different  from  the 
proportions  in  which  they  unite  by  volume,  WIten  one  volume 
of  oxygen,  and  two  volume?  of  hydrogen,  or  which  is  the  same 
th  ng,  e-ght  parts  by  weight  of  oxygen,  and  one  part  by  weight 
of  liydrogen,  are  introduced  into  a  closed  receiver,  and  a  spark 
from  the  electrical  machi:ie  is  passed  through  them,  an  explosion 
re  ult^,  the  gases  disappear,  and  watery  vapor  is  formed,  which, 
on  the  cooling  of  the  vessel,  condenses  into  little  drops  of  water. 
The  weijrht  of  the  water  formed  is  always  precisely  equal  to  the 
sum  of  the  weights  of  the  two  gjises  employed. 

364«  The  docompoiitioii  of  Water  by  the  Battery.  If  two 
platinum  or  gold  wires  be  attached  to  the  poles  of  the  battery, 
and  then  be  brought  near  each  other  beneath  the  surface  of 
water  slightly  acidulated  with  sulphuric  acid,  bubbles  of  oxygen 
gas"  will  appear  at  the  positive,  and  of  hydrogen  at  the  negative 
pole.  If  tubes,  closed  at  the  upper  end,  andopen  at  the  lower, 
be  completely  filled  with  water,  so  as  to  retain  no  bubbles  of  air 
wiiatever,  and  then  inverted  over  each  pole,  the  bubbles  of  each 
ga^,  as  they  arise,  will  be  collected  separately  in  the  two  tubes, 
tli'i  oxygen  in  the  tube  over  the  positive  pole,  and  the  hydrogen 
in  that  over  the  negative  pole,  and  twice  as  much  of  the  latter  aa 
of  the  former;  Fig*  162.  As  the  hydrogen  is  collected  in  double 
the  quantity  of  the  oxygen,  the  tube  containing  it  should-  be  made 
twice  as  large  as  that  lor  oxygen ;  the  process  may  be  continued 
till  both  are  filled ;  and  this  will  take  place  at  the  same  instant. 

Can  w?ter  bo  reprodueed  by  uniting  theae  elements  in  tl»e  nine  proportioDt? — 8^ 
DttMiibe  toe  deoompoAition  ^  water  b/  U.e  caimt. 
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Decomposition  of  Water. 


On  carefully  closing  the 
oxygen  tube  beneath 
the  water,  and  invert- 
ing it,  .-/)  that  a  lighted 
taper  can  be  introduced 
into  it  from  above,  the 
taper  will  be  found  to 
burn  with  extraordi- 
nary splendor,  and  if 
blown  out  in  such  a  Avay 
as  to  leave  a  small 
smouldering  spark  upon 
the  wick,  it  will  be  re- 
lighted when  it  is  intro- 
duced again  into  the 
gas.  On  the  other  hand,  if  the  hydrogen  tube  be  lemovcd  with 
equal  care,  but  not  inverted,  and  a  lighted  taper  inti-oduced  into 
it  from,  below,  tlie  hydix);5en  will  take  fire,  and  bum  with  a  lam- 
bent flame,  but  the  taper  will  be  extingui>hcd.  Thus,  the.  e  two 
ga-es  may  be  distinguished  by  their  op|  osite  effects  upon  a 
lighted  taper.  If,  instead  of  using  two  tube?,  one  tube  be  fil'ed 
with  water,  and  inverted  over  both  ])oles,  the  two  gases  will  be 
collected  together,  and  if  a  spark  from  the  electrical  machine  be 
passed  through  the  mixture,  there  will  bo  a  flash  of  Ight,  and 
an  explosion ;  the  two  gases  will  unite  to  form  a  y^ry  small  por- 
tion of  water,  and  will  entirely  disappear,  and  the  water  fi-om 
the  vessel  will  rush  up  so  as  to  completely  fill  the  whole  of  the 
tube.  In  performing  this  experiment,  it  is  necessary  to  use  a 
platinum  wire  for  the  positive  pole  at  which  the  oxygen  is  dis- 
charged, for  if  a  copper  wire  be  employed,  or  any  other  metal 
which  has  a  strong  affinity  for  oxygen ,  the  gas  will  unite  with 
the  metal  to  form  a  solid  oxide,  instead  of  escaping  and  ris'ng 
through  the  liquid.  Platinum  and  gold  have  only  a  very  slight 
affinity  for  oxygen,  and,  therefore,  when  these  are  used,  nearly 
the  whole  of  the  gas  is  collected.  It  is  advantageous  in  all  such 
experiments  to  have  bolh  wires  made  of  platinum.  From  this 
experiment,  it  is  evident  that  the  galvanic  current  has  the  power 
of  decomposing  water,  and  separating  it  into  its  constituent  ele- 
ments. 

969>  The  decompotfition  of  Water  is  effected  by  the  polari- 
x&tioii  and  transfer  of  the  component  elements*     It  has  been 

Which  gM  collectii  in  tlie  litrt^er  qoAnUty  ?    How  may  they  he  tested,  umI  prored  to 
be  (Morent?    Why  must  tae  U»c<nupo«iiig  v-ires  bo  made  of  platinum  I 
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already  stated  that  the  galvanic  influence  is  propagated  by  a 
polarization  of  the  liquid,  as  well  as  the  solid,  part  of  the  whole 
circuit.  When  the  two  platinum  wires  are  dipped  into  the 
acidulated  water,  the  liquid  becomes  a  part  of  the  circuit,  and 
the  part  cles  between  the  poles  become  polarized ;  so  that  the 
atoms  of  oxygen  are  all  turned  towards  the  positive,  and  the 
atoms  of  hydrogen  towards  the  negative  pole,  in  the  manner 
represented  in  Fig.  163.     On  the  right,  the  polarized  platinum 

wire,  P,  connected  with  the 
zinc  end  of  the  battery,  z, 
enters  a  vessel  of  acidula^ 
ted  water,  represented  in 
section.  On  the  lef\,  a 
similar  plat'num  wire,  p, 
connected  with  the  copp^^r 

^ end  of  the  battery,  enters 

utcomitJsui»H  of  WauT.  the  Same  vessel  of  water. 

The  polarized  wire,  p  z, 
on  therightjis  then  the  negative  po'e  of  the  battery,  and  the 
polarized  wire,  p  c,  is  the  positive  pole.  In  consequence  of  the 
highly  excited  negative  electricity  accumulated  in  p  z,  all  the 
atoms  of  hydrogen  in  the  chain  of  particles  of  water  being 
naturally  charged  with  positive  electricity,  are  drawn  towards 
it ;  and  all  the  atoms  of  negative  oxygen  are  repelled  from  it, 
and  at  the  same  time  attracted  towards  the  positively  excited 
plaJtinum  wire,  p,  C ;  on  the  principle  that  bodies  electrified  dif- 
ferently attract  each  other,  while  those  electrified  similarly  repel 
one  another.  The  next  in!^ant,  the  superior  negative  excite- 
ment of  the  wire  completely  separates  the  atom  of  hydrogen 
from  the  atom  of  oxygen,  and  as  it  can  not  unite  with  the  pla- 
tinum, it  is  discharged  into  the  water,  and  escapes  into  the  air. 
At  the  same  moment,  the  negative  oxygen  at  the  opposite  ex- 
tremity of  the  chain  is  drawn  powerfully  towards  the  positive 
platinum  wire,  and  as  it  can  not  unite  with  the  platinum,  it  is 
also  discharged,  and  escapes  into  the  air.  This  necessitates  a 
movement  throughout  the  whole  chain,  and  a  flow,  in  opposite 
dii*ections,  of  the  two  gases,  and  also  of  the  negative  and  posi- 
tive current.  It  is  obvious,  from  the  figure,  why  it  is  necessary 
that  the  positive  pole  should  be  made  of  some  unoxidizable 
metal ;  if  it  were  no^  the  oxygen  discharged  upon  it  would 
unite  with  it  to  form  a  solil  oxide,  and  there  would  be  no  escape 


865.  Do.4cribe  FY?.  163.    Show  thjit  the  decomposition  of  tho  wator  depends  upou  th* 
poUurixattoa  of  t^o  rircuit.     Why  is  the  vriiter  acidulated  I 

15 
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of  ga^.  Jf  the  oxide  be  insoluble,  it  may  adhere  to  the  fole, 
forming  a  crust  upon  it ;  in  this  case,  if  the  oxide  be  a  conductor 
of  electricity,  it  will  itself  become  the  pole ;  if  it  be  not  a  <-on- 
ductor,  it  will  interfere  with,  and  finally  arrest  the  course  of  cho 
current,  and  put  an  end  to  the  decompo.sitiou.  If  the  oxide  be 
soluble,  it  will  be  dissolved  as  fast  as  formed,  and  the  water  will 
become  a  solution  of  the  oxide.  If  the  water  contain  acid,  the 
acid  will  unite  with  the  oxide  to  form  a  new  substanre,  and  the 
liquid  will  become  a  solution  of  this  substance.  In  tl e  cxperi- 
ment  just  described,  the  sulphuric  acid  is  not  it^elf  c'ecompored, 
but  it  tends  to  favor  the  pa>'sage  of  the  current  through  the 
water.  It  is  exceedingly  difficult  for  the  electrical  current  to 
pass  at  all  through  pure  water,  but  on  adding  from  one  to  fifteen 
per  cent  of  acid,  its  passage  is  greatly  facilitated.  Common 
salt,  dissolved  in  water,  produces  the  same  effect.  These  sub- 
stances all  seem  to  act  by  lessening  the  affinity  which  binds  the 
part'cles  of  oxygen  and  hydrogen  to  each  other. 

366.  The  decomposition  off  other  compomid  Iilqiiidii« 
Water  is  not  the  only  substance  susceptible  of  electrical  decom- 
position; a  large  uumber  of  compound  liquids  may  be  d(  com- 
posed in  a  similar  manner.  It  is  always  necessary  that  the  sub- 
stance shouM  be  a  liquid,  or  soluble  in  a  liquid,  otherwise  there 
can  be  no  transfer  of  the  elements  which  it  conia-ns  on  account 
of  their  immobility.  If  water  be  colidified,  it  immediately  ar- 
rests the  passage  of  the  current.  A  sold  sub  tance  can  not  be 
decomposed  in  this  manner;  but  sometimes,  merely  moistening 
a  solid,  will  be  sufficient  to  allow  the  transfer  of  its  elements. 
Binary  compounds,  or  those  which  consist  of  one  atom  of  each 
element,  are  those  which  are  most  readily  decomposed,  as  is 
seen  in  the  case  of  water.  In  like  manner,  chloro-hydric  acid, 
a  compound  substance^  composed  of  chlorine  and  hydrogen,  and 
whose  symbol  is  HCl,  is  readily  polarized  and  decomposed  by 
the  electrical  current;  the  chlorine  being  discharged  at  the  posi- 
tive pole,  and  the  hydrogen  at  the  negative.  Ammonia,  com- 
posed of  nitrogen  and  hydrogen,  and  whose  symbol  is  NH^,  is 
also  easily  decomposed,  the  nitrogen  collecting  at  tlie  positive 
pole,  and  the  hydrogen  at  the  negative. 

367.  The  decomposition  off  Metallic  Oaddee  in  eolation* 
Oxygen  unites  with  most  of  the  metals  to  form  a  new  class  of 
ftul:^t4uices  called  oxides.     Thus,  common  iron  rust  is  a  com- 

806.  Why  mtuit  the  compound  rabBtance  to  be  decompomd  be  hi  the  tiqald  state  f 
Mcutkm  TArloufi  rompoaml  Uqnldi  which  may  be  decompofied  by  the  oonent. — 867.  Di^ 
■criUi  Lmt  uecogipodtton  of  tae'metalite  oxides,  potash  and  soda. 
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pbunrl  of  iron  and  oxygen ;  soda  is  a  compound  of  the  metal 
sodium  and  oxygen ;  potash  is  a  compound  of  the  metal  potassium 
and  oxygen.  Many  of  these  oxides  are  soluble  in  water,  and 
so  lie  of  them  can  be  decomposed  by  th&  galvanic  current.  In 
all  these  cases  the  metal  appears  at  the  negative,  and  the  oxy- 
gen at  the  positive  pole.  Thus,  if  perfectly  pure  potash,  moist- 
ened, and  placed  upon  a  platinum  plate,  connected  with  the 
negative  pole  of  the  battery,  bo  touched  with  a  platmiim  Mire 
connected  with  the  positive  pole,  small  metallic  globules  of  pure 
potassium  will  be  formed  upon  the  platinum  plate,  and  oxygen 
will  be  discharged  upon  the  wire.  The  same  is  true  of  soda 
and  sodium.  -  If  the  platinum  be  formed  into  a  cup,  and  filled 
with  mercury,  and  the  potash  be  placed  upon  it,  the  potassium 
amalgamates  with  the  mercury  as  fast  as  formed,  and  may  bo 
obtained  pure  by  distillation   in  an  atmosphere  of  nitrogen. 

363.  ThedeconipoiitionofMetmllicSttltBinSolntioii.  The 
metallic  oxides  are  capable  of  uniting  with  acids,  to  form  a  class 
of  substances  called  salts.  Thus  potash,  or  the  oxide  of  potas- 
sium, can  unite  with  sulphuric  acid,  to  form  the  sulphate  of 
potash.  In  like  manner,  the  oxide  of  copper  can  unite  with 
sulphuric  acid,  to  form  the  sulphate  of  copper ;  the  oxide  of  lead 
can  unite  with  acetic  acid,  to  form  the  acetate  of  lead;  the 
oxiJe  of  silver  with  nitric  acid,  to  form  the  nitrate  of  silver. 
These  salts,  if  dissolved  in  water,  can  often  be  decomposed  by 
the  galvanic  current,  and  in  all  cases,  the  acid  appears  at  the 
positive,  the  metallic  oxide  at  the  negative  pole;  sometimes, 
however,  the  oxide  itself  is  also  decomposed,  and  then  its  oxy- 
gen joins  the  acid,  and  appears  at  the  positive  pole,  while  the 
metal  alone  appears  at  the  negative  pole. 

369.  The  Decomposiiigr  Tube-  These  decompositions  can 
be  very  clearly  shown  by  the  apparatus  represented  in  Fig*  164. 
It  is  a  glass  tube,  curved  twice  at  right  angles.  The  liquid,  or 
solution  to  be  decomposed,  is  poured  into  it,  and  the  poles  in- 
serted, one  in  each  leg.  They  should  be  of  platinum,  and  long 
enough  to  reach  the  curve,  so  as  to  come  as  near  as  possible  with- 
out touching.  On  pouring  into  such  a  tube, — technically  called 
a  U  tube, — a  solution  of  sulphate  of  soda,  mixed  with  a  little 
tincture  of  blue  violets,  the  salt  will  be  decomposed.  The  sul- 
phuric acid  will  be  discharged  at  the  positive  pole,  and  will 
change  the  blue  color  of  the  solution  to  red ;  while  the  soda  will 

368  l)«MTlbe  th«  decomposition  of  metidlle  salts.  At  whkh  pole  does  ihe  add  appear  ? 
At  which  the  oxide?— S89  Describe  the  decomposbig  U  tabe,  and  the  experiments  thai 
may  be  perfbrmed  witli  it. 
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Deeomposing  U  Tube, 


^*6*  1®*'  be  collected  at  the  negative  pole, 

and  will  change  the  blue  color  of 
that  tube  to  green.  Oo  disconnect- 
ing the  wires  from  the  battery,  and 
agitating  the  tube  so  as  to  mix  the 
two  colors,  the  original  blue  will 
be  restored.  If  sulphate  of  copper 
be  introduced,  the  sulphuric  acid 
will  be  discharged  in  one  leg  and 
the  oxide  of  copper  in  the  o.her. 
If  a  solution  of  nitrate  of  silver  be 
introduced,  the  nitric  acid  will  be 
discharged  at  one  pole,  and  the 
oxide  of  silver  at  the  other;  if 
acetate  of  lead  be  employed,  the  acetic  acid,  and  oxygen  from 
the  oxide,  will  appear  in  one  tube,  and  the  pure  lead  in  the 
other.  If  a  solution  of  iodide  of  potassium  be  used,  the  iodine 
will  appear  in  the  positive  tube,  and  the  potassium  in  the  nega- 
tive ,  and  the  presence  of  the  iodine  may  be  detected  by  pouring 
in  a  little' solution  of  starch,  which  will  at  once  be  turned  to  a 
deep  blue ;  the  potassium  will  be  immediately  converted  into 
potash  by  uniting  with  the  oxygen  of  the  water,  and  its  pres- 
ence may  be  shown  by  pouring  in  blue  tincture  of  violets,  which 
will  at  once  bo  changed  to  a  bright  green.  The  Fame  apparatus 
will  answer  equally  well  for  the  decomposition  of  chloro-hydric 
acid ;  the  chlorine  will  appear  in  the  positive  tube,  and  may  be 
detected  by  its  odor  and  bleaching  effect  upon  a  few  drops  of 
solution  of  indigo,  and  the  hydrogen  will  appear  in  the  negative 
tube.  In  Hke  manner,  if  acidulated  water  be  introduced,  the 
oxygen  will  be  discharged  in  the  f>ositive  tube,  and  the  hydrogen 
in  the  negative ;  and  if  the  end  of  the  leg  be  stopped  with  a  cork, 
through  which  parses  a  tube  of  glass,  drawn  to  a  fine  aperture, 
the  hydrogen,  as  it  escapes,  may  be  lighted,  and  will  bum  at 
the  end  of  the  tube  with  a  small,  but  a  steady  flame. 

370.  Olais  Cnp  with  Porons  Diaphragm-  The  same  ex- 
periments may  be  well  performed  with  the  apparatus  delineated 
in  Fi(f,  105.  It  consists,  simply,  of  a  gla^s  cup,  divided  in  the 
middle  by  a  porous  diaphragm  of  plaster,  confined  in  a  frame, 
as  represented  in  a.  This  porous  diaphragm,  inasmuch  as  it 
allows  the  penetration  of  liquids,  and  therefore  of  the  establish- 

What  is  the  effect  when  fulphate  of  roda  in  decomposed  ?  Todlde  of  p-)t!U»iiiin  ?  Chlo- 
ro-hvdnc  arid?  Water?  How  may  the  hvdnif^m  he  burned?- 870.  ]>Mcrib«  Um  d«« 
Mupodng  cell,  and  the  ezperimtrnta  which  may  be  perfonued  with  it 
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ment  of  a  chain  of 
I         liquid   particles 
ipm         through  it,  offers  no 
iB§uz>      ob6ta(!le  to  the  pass- 
^a         age  of  the  electric 
current,  and  the  con- 
__  sequent  transfer  of 

~  De^posing  CeU.  elements  in  both  di- 

rections through  it. 
In  the  decoinpo4tIon  of  salts  into  acids  and  oxides,  the  acid  will, 
in  all  cjise^,  appear  at  the  positive,  and  the  oxide  at  the  negative 
pole,  and  be  manifested,  one  in  each  cell.  Tlie  presence  of  the 
acid  may  be  detected  by  pouring  into  the  poiitive  cell  some  t'nc- 
ture  of  a  vegetable  blue,  like  that  of  blue  violets,  when  the  blue 
color  will  immediately  be  turned  to  red.  If  the  oxides  formed 
belong  to  the  peculiar  class  called  alkalies,  their  presence  will  be 
indicated  in  the  negative  cup,  by  turning  the  same  vegetable  blue 
to  green.  Thus,  if  a  solution  of  carbonate  of  potash,  or  sulphate 
of  ?oda,  oi-  nitrate  of  lime  be  introduced  into  the  glass  cup, 
and  colored  blue  by  the  vegetable  tincture,  it  wi!l  be  turned  i-ed 
in  the  cell  into  which  the  positive  pole  dips,  and  green  in  the 
cell  containing  the  negative  pole ;  because  lime,  soda,  and  pot- 
ash, are  alkaline  oxides,  and  have  the  peculiar  faculty  of  turn- 
ing vegetable  blues  to  green.  But  if  a  solution  of  the  nitrate 
of  silver,  the  sulphate  of  copper,  and  the  sulphate  of  iron,  be 
introduced  into  the  glass  cup,  with  the  addition  of  the  same 
vegetable  solution,  it  will  be  turned  red  by  the  acids  set  free  iu 
the  positive  cell,  but  will  remain  unchanged  in  the  negative  ce'I, 
because  the  oxides  of  silver,  copper,  and  iron  are  insoluble,  and 
therefore  manifest  no  alkaline  properties. 

371.  Secondary  Decomposition.  When  the  poles  of  the 
battery  are  made  of  platinum,  or  some  other  equally  unoxidiza- 
ble  metal,  and  the  substance  to  be  decompo:!ed  is  a  binary  com- 
pound, composed  of  two  elements  only,  and  it  is  used  in  a  pure 
state,  there  being  no  other  compound,  or  elementary  substan  e, 
of  any  kind,  present,  then  the  decomposing  action  of  the  cur- 
rent is  of  the  simple  character  already  described ;  but  it  is  not 
often  that  the  substances  decomposed  are  thus  situated.  In  the 
case  of  most  of  the  solids  which  have  been  spoken  of,  they  are 
used  in  the  state  of  c-olution  in  water,  and  therefore,  by  the  ac- 
tion of  the  galvanic  current,  the  water  may  be  decomposed  as 

Crri.  Whftt  is  meaat  by  eecondaiy  decom^qntlonl 
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well  tiB  the  salt  in  question,  and  the  oxygen  thus  set  free  at  one 
pole,  and  the  hydrogen  at  ibe  other,  may  have  a  very  important 
effect  upon  the  other  substances  which  appear  at  the  same  points. 
If,  for  instance,  sulphate  of  copper,  in  solution  in  water,  be  the 
substance  to  be  decomposed,  as  soon  as  it  is  subjected  to  the 
action  of  the  electrical  current,  sulphuric  acid  will  be  set  free 
at  one  pole,  and  oxide  of  copper  f*i  the  other ;  but  at  the  same 
time,  a  second  current  will  be  established,  operating  through  the 
particles  of  water,  and  the  result  is,  that  hydrogen  will  be  dis- 
charged at  the  same  pole  with  the  oxide  of  copper,  and  oxygen 
at  the  same  pole  with  the  sulphuric  acid.  The  hydrogen  will 
at  once  attack  the  oxide  of  copper,  and  uniting  with  its  oxygen, 
will  form  water,  and  the  copper  will  be  deposited  upon  the  pla- 
tinum pole ;  at  the  other  pole,  the  oxygen  which  is  set  free, 
having  nothing  witli  which  it  can  unite,  is  discharged  into  the 
air.  Consequently,  in  most  cases  of  the  decomposit'on  of  salts 
in  solution,  instead  of  the  oxide  of  the  metal  being  set  free  at 
the  negative  pole,  the  metal  in  a  pure  state  is  deposited  in  con- 
sequence of  this  secondary  action  of  the  hydrogen.  This  sec- 
ondary action  is  indicated  in  Fig,  166,  where  the  two  platinum 

poles  of  a  battery,  p  +, 
Fig-  1^®'  and  p  — ,  are  inserted  in  a 
solution  of  sulphate  of  cop- 
per, represented  by  the 
upper  circle,  CuO  SO^ ; 
the  whole  of  the  liquid  is 
supposed  to  be  composed 
of  similar  globules,  mixed 

Seamdary  Decampatitian,  with  globulcS  of  Water,  HO. 

One  row  of  these  globules 
is  represented  as  polarized,  the  positive  oxide  of  copper,  CuO, 
being  turned  towards  the  negative  platinum  pole,  and  the  nega- 
tive sulphuric  acid,  SO^,  turned  towards  the  positive  pole.  Im- 
mediately beneath  this  row,  is  another,  composed  of  particles  of 
water,  also  polarized,  the  hydrogen  being  turned  towards  the 
negative,  while  the  oxygen  is  turned  towards  the  po>itive  plali- 
num  pole.  The  instant  the  current  begins  to  circulate,  the  oxide 
of  copper  is  drawn  to  the  negative  pole,  and  at  the  same  moment 
the  globule  of  hydro;];en  is  also  attracted  to  the  same  point ;  the 
hydrogen  immediately  seizes  upon  the  oxygen  of  the  oxide,  and 

What  Ifl  the  tiket  of  the  decocnponltion  of  the  irater  at  the  same  time  with  thftl  of  xne- 
talUo  saltii  ?  niuBtrate  this  as  nhown  hy  Fig.  16t),  In  the  cam  of  milphate  of  eopper. 
What  1b  the  general  eOect  of  hydrogen  on  metallic  oxides  set  ft«e  al  the  nefatiTe  pola  ? 
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escapes  into  the  liquid  in  the  form  of  water,  while  the  copper, 
heing  deserted  by  the  oxjgen,  is  deposited  in  the  form  of  a  film 
of  metallic  copper  upon  the  platinum  conductor.  At  the  oppo- 
Bite  pole,  sulphuric  acid  is  discharged,  and  at  the  same  point  oxy- 
gen gas ;  the  former  is  at  once  taken  up  by  the  water,  while  the 
latter,  being  in  the  gaseous  state,  rises  through  the  liquid,  and 
passes  oflf  into  the  air.  As  water  ia  present  in  almost  all  cases 
of  the  decomposition  of  chemical  substances,  it  is  evident  that 
secondary  acUon  may  be  generally  looked  for,  and  there  are  few 
ca^es  of  decomposition  in  which  it  is  not  concerned.  We  shall 
prdsently  see  the  importance  of  this  action  in  all  cases  of  elec^ 
tro -plating 

3J2>  Bzpeiiment  of  three  Cups  connected  by  Byphone* 
The.^  effects  will  also  take  place  even  if  the  solution  is  put  in 
two  distinct  cups,  placed  side  by  side,  provided  only  they  be 
connected,  by  syphons  of  glass  filled  with  the  same  liquid,  and 
establishing  a  communication  between  the  cups.  The  metal,  in 
this  case,  will  appear  in  one  cup,  and  the  acid  in  the  other. 
Moreover,  if  three  cups,  as  in  Fig.  167,  be  used,  and  connected 

together  by  syphons,  or  by 
shreds  of  asbestos,  moistened 
with  the  solution  employed, 
and  a  solution  of  sulphate  of 
soda  be  introduced  into  all 
the  cups,  colored  by  a  vege- 
table blue,  the  acid  will  be 
found  in  the  extreme  right 
hand  cup,  c,  with  which  the 

positive  pole   is   connected, 

Three  Ckjw.  ^^^^  and  will  tum  it  red,  while 
the  soda  will  be  found  in  the 
extreme  lefl  hand  cup,  a,  and  will  tum  it  green,  without  the  slight- 
est change  produced  upon  the  blue  color  of  the  middle  cup,  b,  not- 
withstanding the  electric  current  must  have  passed  through  it. 
This  very  smgular  result  is  explained  by  the  polarization  of  the 
entire  circuit,  in  virtue  of  which,  not  a  particle  of  acid  or  alkali  is 
set  ab^lutely  free  in  their  passage  in  opposite  directions  through 
the  m'ddle  cup,  until  they  reach  the  platinum  poles;  conse- 
quently, no  effect  is  produced  by  either  upon  the  color  of  the 
middle  cup,  though  both  pass  through  it.  If  the  poles  be  re- 
versed, i.  e.,  if  the  right  hand  cup  be  connected  with  the  nega- 

872.  Describe  the  experiawnt  of  the  thxee  caps  cooneeted  by  qrphoni.    How  majr  this 
be  explained  by  polaitetkm? 


<K 
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tive  end  of  the  battery,  instead  of  tlie  positive,  the  acid  will  be 
collected  in  the  lefl  hand  cup,  and  the  alkali  in  the  one  on  ilie 
right.  This  will  be  manifested  by  the  changes  in  the  eolor  of 
the  infusion^.  The  liquid  in  c,  which  had  been  reddened  by 
the  acid,  will  first  recover  its  original  color  in  consequence  of 
the  neuti*aliziug  effect  of  the  alkali,  and  will  then  become  green 
as  the  alkali  accumulates.  In  like  manner,  the  liquid  in  a, 
which  had  been  turned  green,  will  gradually  recover  its  original 
blue  color,  and  then  become  reddened  as  the  acid  accumulates 
beyond  the  amount  required  to  neutralize  the  alkali.  During 
all  these  transfers,  no  change  will  be  observed  in  the  intermedi- 
ate cup,  B. 

373.  Bir  B.  Davy's  extraordinary  ezperimenty  in  which 
neidi  and  alkalieiy  while  nnder  the  inflnenco  of  the  cnrrent, 
•eem  to  lote  their  ordinary  affinity.  Sir  H.  Davy  ascertained 
that  if  the  middle  cup,  B,  be  filled  with  a  strong  alkaline  solu- 
tion, for  which  the  various  acids  have  a-  powerful  affinity,  they 
may  be  transferred  by  the  electrical  current  through  this  alkaM, 
without  any  combination  taking  place  between  them.  Thus,  if 
sulphate  of  eoda  be  placed  in  a.  Fig.  1 67,  and  in  B,  a  solution  of 
potash,  for  which,  ordinarily,  sulphuric  acid  has  a  very  powerfid 
affinity,  and  pure  water  be  placed  in  c,  as  soon  as  c  is  connected 
with  the  positive  pole,  and  a  with  the  negative,  the  sulphuric  acid 
will  be  transported  through  the  potash  in  b,  without  uniting 
with  it,  and  make  its  appearance  in  c.  The  same  acid  may 
thus  bo  transported  through  ammonia,  and  solutions  of  lime 
and  soda,  without  affecting  them,  and  so,  in  like  manner,  chloro- 
hydric  and  nitric  acids.  This  result  is  explained,  as  in  the  pre- 
vious case,  by  the  polarization  of  the  entire  circuit,  in  virtue  of 
which,  not  a  particle  of  acid  is  set  free  after  it  leaves  the  Foda 
in  the  cup,  a,  until  it  reaches  the  positive  platinum  pole  in  the 
cup  c,  and  consequently  it  passes  through  the  potash  without 
fonning  any  permanent  compound  with  it.  This,  however,  sup- 
poses that  the  potassium  of  the  potash  also  moves  towards  the 
cup  A,  and  mingles  with  the  soda,  which  is  probably  the  ca  e, 
and  also  that  the  composition  of  sulphuric  acid  is  SO"*.  The 
jirocess  of  transfer  is  complicated,  and  will  be  more  fully  ex- 
plained hereafter,  when  we  come  to  treat  of  the  binary  theory 
of  salts. 

374.  Exception  in  the  case  of*  the  prodnction  of  iniohihle 
componnds.  Chloro-hydric  and  nitric  acids  may  be,  in  the  same 
manner,  transported  through  solutions  of  strontia  and  baryta, 

873.  Describe  Sir  H.  Davy's  experiment.    How  may  thl«  be  expIiUned  ?— 874.  State  th« 
•xception  iu  the  case  of  insoluble  productN.    IIoiv  may  this  be  explained  ? 
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and  reciprocally,  these  substances  passed  through  the  acids 
without  any  combination,  though  they  have  a  strong  affinity  for 
each  other;  but  if  it  be  attempted  to  pass  sulphuric  acid 
through  strontia,  or  baryta,,  combination  takes  place,  and  the 
insoluble  sulphates  of  strontia  and  baryta  are  precipitated  to 
the  bottom  of  the  cup  b.  The  same  result  followed  when  this 
acid  was  placed  in  the  cup  b,  and  it  was  attempted  to  transmit 
strontia  and  baryta  through  it;  insoluble  sulphates  of  these  sub- 
stances were  always  thrown  down  in  b.  The  conclusion,  there- 
fore, seems  to  be  that  tliis  transfer  of  acids  and  alkalies  may  take 
place  when  the  resulting  compound  is  soluble,  but  can  not  take 
place  when  the  n^sulting  compound  is  insoluble.  This  re-ult  is 
explained  as  in  the  two  previous  ca?e3  by  polarization,  the  only 
difference  being  that  the  acid,  when  it  strikes  the  baiyta,  in  the 
cup  B,  forming  an  in^luble  sulphate  of  baryta,  ban  no  longer 
transmit  the  cuiTcnt,  no  solid  substance  being  able  to  do  this, 
(^ee  §  366,)  and  is  immediately  precipitated  out  of  the  line  of 
voltaic  influence  to  the  bottom  of  the  vessel. 

37 Sm  Tlie  sQcoassiire  action  of  the  same  current  on  different 
▼esseU  of  water.    In  Fly.  168,  if  1,  2,  3,  4,  be  a  row  of  glas» 

Fig.  168. 


The  action  of  one  Current  upon  different  Vessels  of  Water. 


cups  containing  acidulated  water,  and  g  h,  «/,  c  d,  ah,  be 
slips  of  platinum,  jo'ned  by  wires,  on  forming  the  connection 
with  the  battery,  oxygen  will  be  discharged  at  the  lefl  hand 
slip,  in  each  cup,  and  hydrogen  at  the  right  hand  slip,  and  in  all 
the  cups  at  the  same  instant ;  and  this  will  continue  as  long  as 
the  current  passes.  It  is  plain,  from  this,  that  there  is  a  posi- 
tive and  negative  pole  formed  in  each  cup,  and  not  simply  in 

87*1.  What  l«  the  naccowdve  action  of  the  ciirreni  on  the  four  Tcssela  of  water  ghown 
In  Fiv.  118  ?  How  noany  poles  are  formed  in  each  cup  ?  How  may  thia  be  explained  bj 
Fig.  169? 

16* 
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the  two  extreme  cup?,  Thi:^  experiment  shows,  conclusirely, 
that  there  is  a  state  of  polarization  extending  through  the  en- 
tire circuiL    Thus,  in  Fiy.  169,  on  the  exti*eme  right  may  be 

seen   a    wire   of 

Fig.   169. 
OH  OH  OH 


.  Z 


Dtutmposa*o%  ^eetea  by  tM  Jroutrtxatum  vj  uu 
Entire  CiratU. 


plat'num,  polar- 
ized by  the  action 
of  the  current; 
the  connecting 
wires  are  also 
polarized,  as  well 
the  wire  connect- 
ed with  the  posi- 
tive  pole.  As 
poon  as  the  current  passes,  the  positive  electricity  moves  towards 
the  risrht,  and  the  negative  towards  the  left,  and  in  doing  ?o, 
the  hydrogen  particles  are  necessarily  drawn  in  one  direction, 
and  the  oxygen  in  the  other,  at  the  point*  where  the  wires  en  er 
each  cup.  Jn  all  cases  where  the  metallic  circuit  is  broken  6y 
the  intervention  of  a  liquid  conductor^  composed  of  two  e/e- 
mentSy  two  poles  wiU  he  formed  at  each  breaks  corresponding  in 
position  with  the  poles  at  the  extremities  of  V  e  series^  and  with 
the  poles  of  the  batten/^  and  at  each  break  decomposition  toikes 
place, 

376.  The  raceossirtt  action  cf  the  same  current  on  Totsels 
containinir dilforent componnd  liquids.  If  we  take  a  series  of 
four  cups,  arranged  as  before,  Fiff,  1 G8,  except  that  a  piece  of 
card,  or  three  or  four  folds  of  blotting  paper,  are  placed  imide 
the  cups,  between  the  plips  of  platinum,  and  then  introduce  into 
1,  a  solution  of  iodide  of  potassium,  mixed  with  solution  of  starch, 
and  into  2,  a  strong  solution  of  chloride  of  sodium,  co'ored 
blue  by  sulphate  of  indigo,  and  into  3,  a  solution  ot'  nitrate  of 
ammonia,  colored  blue  with  tincture  of  purple  cabbage,  and  into 
4,  a  solution  of  sulphate  of  copper,  and  finally  connect  with 
the  battery,  we  shall  have  iodine  s*^t  free  at  the  poi»itive  pole  in 
1,  shown  by  changing  the  starch  blue;  chlorine  ret  free  at  the 
same  jwle  in  2,  shown  Vy  its  bleachuig  the  vegetable  blue ;  nitric 
acid  Fet  free  in  3,  shown  by  its  reddening  the  vegetable  blue ; 
Fulphuric  acid  in  4.  On  the  other  hand,  at  the  n"gative  pole  in 
1,  we  shall  find  potash ;  in  2,  soda;  in  3,  ammonia ;  in  4, oxide 
of  copper.  These  different  substances  are  attracted  towards  their 
respective  poles  from  the  fact  that  they  are  themselves  possessed, 
naturally,  of  the  opposite  kind  of  electricity.     The  iodine,  chlo- 

876.  What  ia  the  taoooMiTe  aoUon  of  the  same  corrent  on  Tarioof  compound  Uqnlda  ? 
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rine,  nitri::  acid,  and  sulphuric  ac'd,  are  naturally  charged  with 
positive  electricity,  and  the  potash,  soda,  ammonia,  and  oxide  of 
copper,  wi.h  negative  electricity.  All  the  chemical  elements 
eeem  to  possess  a  definite  electrical  character,  and  this  has  led 
to  their  division  into  positive  and  negative  electrics.  Those  are 
called  positive  electrics  which  appear  at  the  mgative  pole  in 
any  decomposing  cell,  and  those  negative  which  appear  at  the 
positive  pole,  on  the  principle  that  oppositely  electrified  bodies 
attract  each  other. 

377.  Blectro-Negatiire  Bodies- 

1.  Oxygen.  8.  Selenium.  15.  Anthnony. 

2.  Sulphur.  9.  Arsenic.  16.  Tellurium. 
8   Nitrogen.  10.  Chromium.  17.  Columbium. 
4.  Chlorine.  11.  Mol/denum.  18.  Titanium. 
6.  Iodine.  12.  Tungsten.  19.  Silicon. 

6.  Fluorine.  13.  Boron.  20.  Osmium. 

7.  Phosphorus.  14.  Carbon.  21.  Uydrogen. 

378.  Blectro-Positive  Bodies. 

1.  Pofeassinm.  11.  Zirconium.  21.  Bismuth. 

2.  Sodium.  12.  MangaueM.  22.  Uranium. 

8.  Lithium.  18.  Zinc.  28.  Copper. 
4.  Barium.  14.  Cadmium.  24.  Silrer. 

6.  Strontium.  15-  Iron.  25.  Mercury. 

6.  Calcium.  16.  Nickel.  26.  Palladium. 

7.  Magnesium.  17.  Cobalt.  27.  Platinnm. 

8.  Glucinium.  18.  Cerium.  28.  Rhodium. 

9.  Yttrium.  19.  Lead.  29.  Iridium. 
10.  Aluminium.  20.  Tin.  80.  Gold. 

379.  The  law  of  chemical  decomposition  by  the  electrical 
current.  Mr.  Faraday  has  demonstrated  the  following  law  of 
chemical  decomposition  by  the  current.  When  the  same  cur- 
rent acts  successively  upon  a  series -of  solutions,  as  m  Fig.  168, 
the  weights  of  the  elements  which  are  set  free  at  each  pole  are 
in  the  same  proportion  as  their  chemical  equivalents.  Thus,  1 
being  the  ciiemical  equivalent  of  hydrogen,  and  8  the  equivalent 
of  oxygen,  when  water  is  decomposed,  the  proportion  of  hydro- 
gen to  oxygen  produced,  is  always  as  1  to  8.  The  chemical 
equivalent  of  potassium  being  40,  while  that  of  oxygen  is  8,  in 
the  decomposition  of  the  oxide  of  pot^issium  or  potash,  the  pro- 
portion of  potassium,  by  weight,  to  ihe  oxygen,  is  always  as  40 
to  8.  Consequently,  when  a  current  of  electricity  is  passed 
through  a  series  of  cups,  charged  wiih  different  compound 
liquids,  as  in  Fig.  168,  the  weight  of  the  different  elements  set 
free  at  the  poles  in  each  cup,  is  not  equal,  as  might  be  supposed 
from*  the  equality  of  the  force  which  acts  upon  them,  but  varies 
according  to  the  chemical  equivalent  of  the  element.     If  cup  1 

877.  What  in  meant  by  electro-negntive  bodies  ?  Which  Is  the  most  highly  clectro-nega- 
tlre  body  ?— 378.  Wliat  ia  an  electro-positive  body  ?  Which  is  the  ma*t  highly  electro- 
posiHre  body  ?— 379.  State  Faraday's  law  of  ■chemical  decompodtion.  Explain  this  law 
by  the  atomlo  theory. 
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contain  water,  cup  2  cliloride  of  sodium,  cup  3  iodide  of  potas- 
eium,  cup  4  chloro-hydric  acid,  while  the  weight  of  hydj-ogen 
set  free  in  cup  1  compared  to  that  of  oxygen,  is  as  1  to  8,.  the 
weight  of  the  elements  set  free  in  cup  2  is  not  the  same, 
but  as  35.5  of  chlorine  to  23  of  sodium;  in  cup  3,  it  is  127 
of  iodine  to  40  of  potassium;  in  cup  4,  it  is  35.5  of  chlo- 
rine to  1  of  hydrogen.  The  reason  of  this  is,  that  the  atoms 
of  the  elements  differ  in  weight  according  to  these  number?,  and 
when  two  substances  unite,  they  do  so  atom  to  atom.  It  fol- 
lows, as  a  consequence,  that  when  these  atoms  are  separated 
from  each  other,  the  weights  of  the  elements  produced  are  always 
those  of  their  atoms ;  in  other  words,  of  their  chemical  equiva- 
lents.    This  will  become  dearer  hereafter. 

380.  Tho  amount  of  Kinc  diaeolved  fk«m  the  j^enoratia^ 
plato  18  always  proportioned  to  the  amoant  of  chemical  decern* 
position  prodnced,  and  vice  vena.  Not  only  is  this  true  in 
respect  to  the  decomposition  effected  by  the  current,  after  it 
leaves  the  battery,  but  also  in  reference  to  the  chemical  action 
■within  the  batter}'  itself.  Thus,  for  every  9  grs.  of  water,  con- 
sisting of  8  grs.  of  oxygen,  and  1  gr.  of  hydrogen,  that  are  de- 
x^mposed  by  the  electrical  current,  in  cup  1,  F%g,  168,  exactly 
32.7  grs.  of  zinc  have  united  with  8  grs.  of  oxygen,  and  been 
dissolved  in  the  acidulated  water  of  each  cup  of  the  batter}'. 
And  on  the  contrary,  if  32.7  grs.  of  zinc  have  been  dissolved 
in  each  cup  of  the  battery,  it  will  be  found  that  the  electrical 
current  has  decomposed  exactly  9  grs.  of  water  in  cup  1,  and 
set  free  8  grs.  of  oxygen,  and  1  gr.  of  hydrogen.  If  a  smaller 
amount  of  zinc  has  been  dissolved,  a  less  amount  of  electricity 
has  been  produced,  a  less  amount  of  acidulated  water  decom- 
posed in  the  cells,  and  a  less  amount  of  the  various  solutions  in 
the  cups  outside  of  the  battery.  The  amount  of  decomposition 
effected  becomes,  consequently,  a  measure  of  the  strength  of 
the  electrical  current.  Upon  this  principle  depends  the  action 
of  the  voltameter. 

381>  The  Voltameter*  This  is  an  instrument  invented  by 
Mr.  Faraday,  for  the  pm'pose  of  determining  the  voltaic  power 
of  any  circuit.  It  consists  of  an  upright  glass  cell,  having  a 
bent  tube,  c,  fitted  into  its  upper  part  by  accurate  grinding; 
Fig,  170.  This  tube  is  curved  in  such  a  way  as  to  dip  beneath 
the  edge  of  the  carefully  graduated  jar,  d,  which  is  entirely 

880.  Is  there  any  proportion  betireen  the  amount  ct  dno  dinolved  In  the  interior  of 
the  battery,  and  the  amount  of  chemical  decomposition  effected  outside  of  it  ?  State  the 
proportion  of  zinc  diswlved,  and  of  water  decfHupoeed.— 881.  Deacriht  Ihs  Toltaineter. 
MOW  may  it  be  used  to  indicate  tlie  force  of  tlie  cumat? 
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Fiff.  170.  filled     with 

water.  With- 
in the  glass 
cell  two  plati- 
num plates  are 
arranged,  h, 
connected  with 
the  negative 
pole  of  the  bat- 
tery,  and  o, 
with  the  posi- 
tive. The  cell 
is  then  entirely 

T^    YoUameter.  filled  With  acid- 

nlated  water, 
and  al>o  the  bent  tube,  c,  Tlie  instniment  is  then  connected 
with  the  battery  by  means  of  the  wires,  and  made  to  form  a 
part  of  the  circuit ;  the  acidulated  water  in  the  glass  cell  immc- 
d  ately  bej^in^  to  be  decomposed,  and  the  gases  produced  are 
conveyed  by  the  bent  t»ibe  to  the  graduated  jar,  d,  by  which 
their  volume  is  measured.  The  volume  produced  is  in  propor- 
tion to  tlje  strength  of  the  current,  and  the  amount  of  zinc  dis- 
solved within  the  battery,  and  thus  this  instrument  becomes  a 
measure  of  voltaic  intensity. 

382.  XUoctro-Platinsr  and  Oildinsr>  A  very  important  ap- 
plication is  made  of  these  facta  in  the  arts.  It  will  be  recol- 
lected that  in  all  the  cases  of  decomposition  of  metallic  solu- 
tions mentioned  above,  the  oxide  of  the  metal  is  deposited 
around  the  negative  pole,  the  acid  at  the  positive  pole.  If,  then, 
any  metallic  article  be  attached  to  the  negative  wire  of  the  bat- 
tery, it  becomes  in  effect  the  pole  of  the  battery,  and  might  be 
expected  to  beeome  coated  with  the  metallic  oxide  in  question ; 
and  so  it  would  be,  if  it  were  not,  that  at  the  same  time,  with 
the  matallic^  salt,  a  small  portion  of  the  water  is  also  decomposed, 
an  I  ils  hydrogen  appearing  at  the  negative  pole  at  the  same 
moment  with  the  metallic  oxide,  decomposes  it,  unites  with  the 
oxygen  to  form  water,  and  sets  the  metal  free,  as  in  the  case 
o '  r  h'^  copper ;  see  Fig.  1 66.  The  article  attached  to  the  negative 
pole  consequently  becomes  coated  with  a  covering  of  metal,  in- 
stea  1  or  a  metall  c  oxide.  The  nature  of  the  metal  depo-^ited 
will  depend  upon  the  metallic  solution  employed.     If  it  be  a 


8S2.  State  tlie  priaciple  of  eloctro-plating  and  ^(Ung. 
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solution  of  silver,  the  article  attached  to  the  negative  pole  will 
become  coated  with  silver;  if  it  be  a  solution  of  gold,  with 
gold ;  if  it  be  copper,  with  copper.  It  is  evident,  also,  that 
while  hydrogen  is  set  free  at  the  negative  pole,  a  corresponding 
amount  of  oxygen  must  escape  from  the  positive  pole. 

383.  Electrotypinsr*  In  order,  therefore,  to  coat  or  gild  sub- 
stances which  are  good  conductors  of  electricity,  with  any  metal, 
it  is  only  necessary  to  attach  them  to  the  negative  pole  of  a  bat- 
tery in  full  operation,  and  place  them  in  a  solution  of  the  metal 
desired,  the  positive  pole  being  introduced  into  the  same  solu- 
tion, at  a  little  distance  from  it.  A  small  battery  is  quite  suffi- 
cient, and  in  general  one  cup  of  Bunsen's  arrangement  will 
answer  for  all  common  purposes.  The  process  is  fully  repre- 
sented in  Fig*  171,  where  o  is  the  battery;  c  is  the  vessel  con- 


Fig.  171. 


EUctro'Plating. 

taining  the  metallic  solution,  which  in  this  case  is  the  sulphate 
of  copper ;  D  is  a  metallic  rod  connected  with  the  positive  pole, 
and  having  a  plate  of  copper  suspended  from  it,  and  dipping 
into  the  liquid ;  B  is  another  metallic  rod,  connected  with  the 
negative  pole  of  the  battery,  from  which  the  articles  to  be  cov- 
ered with  copper  are  suspended.  Thus,  these  articles  are  made 
the  negative  pole  of  the  battery,  and  the  copper  plate  suspend*  d 
from  D  becomes  the  poshive  pole.  The  connections  being 
formed,  the  sulphate  of  copper  is  decomposed  into  sulphuric 
acid  and  the  oxide  of  copper ;  at  the  same  time,  a  portion  of 
the  water  of  the  solution  is  decomposed  into  oxygen  and  hydro- 
gen.    The  sulphuric  acid  and  the  oxygen  are  drawn  towards 

'    283.  Describe  the  electrotype  process. 
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the  positive  pole,  which  is  the  copper  plate  suspended  from  d, 
and  the  oxygen  immediately  uniting  with  it  to  form  the  oxide 
of  copper,  this  is  immediately  taken  up  by  the  sulphuric  acid, 
converted  into  the  sulphate  of  copper,  and  then  dissolved  in  the 
solution,  so  that  just  as  much  copper  is  thus  Restored  to  the  solu- 
tion as  is  taken  from  it  by  the  action  of  the  current;. and  its 
strength  sustained  for  an  indefinite  period.  On  the  other  hand, 
the  oxide  of  copper,  and  hydrogen,  are  drawn  towards  the  nega- 
tive pole,  which  is  the  article,  or  articles,  suspended  from  the 
rod  B,  and  here  the  hydrogen  uniting  with  the  oxygen  of  the 
oxide  to  form  water,  the  metallic  copper  is  deposited.  In  this 
miinner,  exact  copies  may  be  made  of  all  metallic  articles.  If 
the  article  be  a  copper  medal,  and  it  be  desired  to  get  an  exact 
copy  of  it,  every  part,  except  the  face,  to  be  copied,  is  covered 
with  wax,  and  it  is  then  suspended  from  the  rod  b,  in  the  sul- 
phate of  copper  solution ;  it  thus  becomes  completely  covered 
with  metallic  copper  upon  the  exposed  surface ;  the  thickness 
of  the  deposit  will  depend  upon  the  duration  of  immersion. 
On  removal  from  the  solution,  the  deposited  copper  will  tightly 
adhere  to  the  original  metal,  but  it  may  be  separated  from  it  by 
gently  heating  with  a  spirit  lamp.  The  cast  thus  formed  is  tho 
reverse  of  the  medal,  and  if  it  be  desired  to  obtain  a  copy  in 
relief,  it  is  only  necessary  to  subject  the  cast  to  the  same  pro- 
cess, by  attaching  it  to  the  negative  pole  of  the  battery,  and 
immersing  it  in  a  solution  of  sulphate  of  copper.  In  this  man- 
ner, faithful  copies  may  be  made  of  all  metallic  articles,  by  de- 
positing metals  upon  them.  The  finest  line  engravings  may  be 
accumtely  reproduced.  All  the  copper  plates  of  the  coast  sur- 
vey are  formed  by  this  process ;  the  originals  are  never  used, 
but  only  the  copies,  and  any  required  number  of  these  may 
be  produced  at  a  small  expense.  When  the  articles  to  be  cov- 
ered are  not  metallic,  it  is  necessary  to  cover  them  with  a 
fine  powder  which  is  a  good  conductor  of  electricity,  and  then 
treat  them  in  the  usual  manner.  The  substance  most  commonly 
used  for  this  purpose  is  plumbago,  in  very  fine  powder.  The 
electrotype  plates  from  which  books  are  printed,  are  made  by 
taking  an  impression  in  wax,  of  the  original  types;  covering 
this  plate  of  wax  with  a  coating  of  plumbago,  and  immersing  it 
in  a  solution  of  sulphate  of  copper,  with  an  attachment  to  the 
negtitive  pole  of  a  battery.  Oa  the  poitive  pole  a  large  plate 
of  copper  is  suspended,  which  is  gradually  dissolved  at  the  same 
rate  as  the  copper  is  deposited  upon  the  wax,  and  the  strength 
of  the  solution  is  thus  maintained,  until  the  whole  plate  haa 


Digitized  by  VjOOQ IC 


366  COPPER   SHEATHING/ 

disappeared.  The  powdered  wax  receives  a  deposit  of  copper 
upon  the  whole  of  its  surface,  and  in  its  finest  lines,  wliich 
gradually  increases  in  thickness  until  it  is  strong  enough  to  be 
separated  Lorn  the  wax,  mounted  upon  wood  or  metal,  and  used 
for  printing.  The  ,wax  may  be  melted  into  a  new  sheet,  and 
applied  to  another  portion  of  types.  This  is  by  no  means  the 
only  appUcatiou  in  tlie  arts.  Gilding,  silvering,  bronzing,  may 
all  be  accomplished  by  it,  and  it  has  grown  to  be  a  very  impor- 
tant branch  of  industry. 

384.  The  protoction  of  tlM  «opfer  ghafttbing  of  VliipB>  By 
an  ingenious  application  of  the  same  principles  the  metals  can 
be  protected  from  the  action  of  corrosive  liquids  in  which  they 
may  be  immersed.  Thus*,  a  zinc  plate,  placed  in  dilute  sulphu- 
ric acid,  will  decompose  the  water  with  great  rapidity,  and  itself 
be  quickly  oxidated,  and  finally  dissolved.  If,  however,  the 
plate  of  zinc  be  attached  to  the  negative  pole  of  a  battery,  and 
thus  rendered  negatively  electric,  at  the  same  time  that  a  slip 
of  platinum,  attached  to  the  positive  pole,  is  placed  in  the  liquid 
immediately  opposite,  it  will  not  decompose  the  water,  will  suf- 
fer no  oxidation,  and  remain  undissolved.  The  rearon  is,  be- 
cause the  oxygen  of  the  water  is  itself  a  negative  electric,  and 
therefore  repelled  from  the  negative  zinc ;  for  the  same  rea-  on 
the  acid  is  also  repelled.  In  like  manner,  copper  will  rapidly 
decompose  chloro-hydric  acid,  forming  chloride  of  copper,  and 
finally  be  itself  wholly  dissolved ;  but  if  the  copper  be  rendered 
negatively  electric,  it  will  remain  unaffected  by  the  acid,  because 
chlorine  is  also  a  negative  electric,  and  is  repelled  from  a  body 
which  is  chained  with  electricity  of  the  same  kind.  In  this 
way  it  is  possible  to  protect  metals  by  means  of  galvanic  ar- 
rangements from  the  influence  of  the  most  corrosive  liquids. 
Sir  H.  Davy  made  an  ingenious  application  of  this  principle  to 
the  protection  of  the  copper  sheathing  of  ships  from  the  action 
of  f  ea  water.  Sea  water  contains  in  solution  a  variety  of  metal- 
lic salt?,  the  most  important  of  which  is  chloride  of  sodium,  or 
common  salL  The  chlorine  contained  in  this  substance  has  a 
very  strong  afiinity  for  copper,  and  will  attack  it  with  great  vio- 
lence, forming  a  green  chloride  of  copper,  which  is  at  once  dis- 
solved by  the  water,  and  thus  the  copper  is  rapidly  wasted. 
Chlorine,  however,  is  an  electro-negative  substance,  and  if  the 
copper  sheathing  could  be  rendered  also  electro-negative,  it 

884.  How  may  tho  naetals  be  prerented  fttxn  eorroskm  bj  the  artkm  of  the  electro- 
nej^tlre  clement*,  nuch  m  ox>-ffon  and  chlorine  ?  On  this  principle,  how  may  the  copper 
■hmthlng  of  sblpt  be  pcotecUd  ?    What  dlndrastagei  have  ariten  from  thto  proteetioa  ? 
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would  be  repelled,  instead  ot  attracted,  and  (he  metal  would  be 
perfectly  protected  fi'om  corrosion.  This  can  b?  done  bj  driv- 
ing zinc  nails  into  the  copper,  at  proper  interval-*.  The  zinc  at 
once  becomes  electro-positive,  attracts  the  chlorine  to  itself,  and 
sets  on  foot  an  electrical  current,  which  is  transfen-ed  to  the 
copper ;  it  thus  becomes  the  generating  plate  of  a  battery,  while 
the  copper  becomes  the  conducting  plate.  The  copjier  is  thus 
made  electro-negative,  and  tends  aa  strongly  to  repel  the  chlo- 
rine as  the  zinc  does  to  attract  it.  By  this  arrangement,  co|)per 
sheathing  is  completely  protected,  and  kept  entirely  free  from 
corrosion ;  but  unfortunately,  at  the  same  time  that  the  chlorine 
is  repelled,  other  substances,  such  as  lime  aud  magnesia,  bcin^ 
«lectro-posItive  in  their  character,  are  attracted  to  the  copper. 
This  earthy  coating  furnishes  good  points  of  attachment  to  sea 
weeds  and  shell  fi^h,  which  soon  make  the  bottom  of  ships  very 
foul,  and  greatly  impede  their  progress*  It  has  become  neces- 
sary, therefore,  to  discard  the  invention,  and  the  same  end  is  now 
partially  attained  by  the  use  of  a  kind  of  brass  sheathing,  com- 
posed of  zinc  and  copper,  and  called  Muntz'B/ellow  metal.  On 
the  same  principle,  metallic  structures,  such  as  iron  pillars,  fen- 
ces, and  the  like,  mvj  be  protected  from  atmospheric  action  by 
the  insertion  of  small  bits  of  zinc,  at  regular  intervals.  There 
are  other  applications  of  the  same  principiea  possessed  of  nearly 
equal  interest. 


I  XXX,  fileetro«]IEa^etiaau 
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389o  nagnetic  effects  of  the  Current.  The  power  of  light* 
ning  in  destroying  and  reversing  the  poles  of  a  magnet,  and  in 
imparting  magnetic  properties  to  pieca«*  of  iron  which  did  not 
previously  possess  them,  has  been  known  for  a  long  period,  and 
led  to  the  opinion  that  similar  effects  might  be  produced  by  the 
common  electrical  machine,  and  the  galvanic  battery.  No  re- 
sults of  importance  were  obtained,  however,  until  the  year 
1819.  In  the  winter  of  that  year  Professor  Oersted,  of  Copen- 
hagen^ discovered  that  if  a  magnetic  needle  be  brought  near  a 
copper  wire,  connecting  the  two  poles  of  a  battery,  and  through 
which  the  electrical  current  is  passing,  the  needle  is  at  once 
violently  agitated,  deflected  from  its  position,  and  made  to  as- 

885.  What  eflbot  is  producet)  upon  the  magnetic  needle  by  a  wire  cairylng  the  current^ 
placed  parallel  to,  and  aboye,  it? 


Digitized  by  VjOOQ IC 


868  THE   MAGNETIC   NEEDLE    DEFLECTED; 

sume  a  position  at  right  angles  to  the  wire.  Thus,  if  the  wire 
be  placed  upon  the  magnetic  meridian,  pointing  north  and  souths 
the  north  end  connected  with  the  negative  pole  or  zinc  plate  of 
the  battery,  and  the  south  end  connected  with  the  positive  pole, 
or  the  platinum  plate  of  the  battery,  and  the  magnetic  needle 
be  placed  below  the  wire,  it  will  at  once  assume  a  position  at 
right  angles  to  the  wire,  the  north  pole  moving  to  the  west,  ^d 
the  south  pole  to  the  east,  as  represented  in  Fig.  172.     If  the 

needle   be   placed    above 
^'S-  1^2*  the  wire,  the   north  pole 

^  ^  -       ^^^        Q  ^  J     ^^  move  to  the  east,  and 

the  south  pole  to  the  west. 
When  the  needle  is 
placed  in  the  same  hori- 
zontal plane  with  the  wire, 
it  attempts  to  assume  a 
vertical  position,  the  north 
pole  dipping  when  the 
wire  is  to  tiie  west  xA  it, 
alid  rising  when  the  wire 
—  ^  IS  to  the  east  of  it    If 

mcts  of  Galvanic  ^eH^cityontheMo^Uc        ^,^^    ^y^xv^XKi    be    rCVCrSed, 

by  changing  the  connec- 
tions with  the  battery,  and  be  made  to  pass  from  north  to  south, 
instead  of  from  south  to  north,  the  movements  of  the  needle 
are  all  reversed.  The  explanation  given  of  these  movements  is, 
that  two  magnetic  forces  are  generated  by  the  passage  of  the 
current,  circulating  around  the  wire  in  opposite  directions,  along 
its  whole  extent,  and  at  right  an^fles  to  it ;  the  tendency  of  one 
force  is  to  cause  the  north  pole  of  the  needle  to  revolve  around 
the  wire  in  one  direction ;  the  tendency  of  the  other  is  to  caute 
the  south  pole  to  revolve  in  like  manner  in  the  opposite  direction ; 
the  magnet,  consequently,  comes  to  rest  in  a  position  of  equilib- 
rium between  these  two  ibrces,  directly  across  the  wire.  Besides 
this  directive  action  upon  the  mngnet,  the  conducting  wire  also 
exerts  an  attractive  action,  as  may  be  shown  by  suspc^nding  a 
nia*2:iietized  sewing  needle  from  a  silk  threatl,  and  causing  an 
electrical  current  to  paes  in  an  horizontal  direction  by  the  side 
of,  and  very  near  it.  It  also  exerts  an  inductive-magv^tic  action, 
by  which  soft  iron  wires,  or  bars,  placed  across  the  conducting 
wire  at  right  angles,  are  rendered  magnetic  as  long  as  the  cur- 

Byawire  placed  below  the  needle?  Tf  the  current  be  reTcn>ed.  wliai  Is  tbeedect 
upon  the  n«Hl!e  ?  AVlnt  I*  t  le  er:p\'in.ition  givon  of  Uieee  moTements?  Whatotbcr 
maguetio  effects  are  prodaceU  by  tUe  current? 
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rent  circulates.  The  action  of  tho  conducting  wire  is,  there- 
fore, threefold. 

336.  What  is  a  Magnet?  A  magnet  is  a  body  which 
possesses  the  power  of  attracting  masses  of  iron,  and  a  few 
other  metallic  substances,  such  as  nickel,  cobalt,  and  chromium. 
They  are  distinguished  into  natuml  and  artificial.  The  natural 
magnet  is  an  oxide  of  iron,  first  found  in  Magnesia,  a  district 
of  Asia  Minor,  and  from  this  has  received  its  name.  Artificial 
m:\gnets  are  bars,  or  needles,  of  tempered  steel,  which  do  not 
naturally  possess  the  properties  of  a  magnet,  but  have  acquired 
them  by  friction  with  another  magnet,  by  the  action  of  electri- 
city, or  by  percussion  in  the  magnetic  meridian.  They  are 
more  powerful  than  natui*al  magnets,  and  pos.«ess  identical  prop- 
erties. The  attractive  power  of  magnets  is  exercised  at  all  dis- 
tances, and  through  all  bodies,  but  decreases  with  the  distance, 
and  varies  with  temperature ;  at  a  red  heat,  magnets  lose  their 
attractive  power  altogether. 

387.  The  poles  of  the  Magnet.  The  attractive  force  of  the 
magnet  does  not  reside  equally  at  all  points  upon  its  surface ; 
this  may  be  clearly  shown  by  holding  a  magnet  immediately 
over  iron  filings  placed  upon  a  sheet  of  paper,  when  the  filings 
will  be  seen  to  accumulate  equally  at  the  ends  of  the  bar,  while 
they  will  not  be  attracted  at  all  at  the  middle ;  Fig.  173.    These 

two   ends,  at 
Fig.  178.  which     the 

force  resides, 
are  called  the 
poles  of  tho 
magnet  Eve- 
ry magnet 
possesses  two 
poles,  as  one 

can  not  exist  without  the  other.  If  a  magnet  be  suspended 
upon  a  pivot,  it  will  place  itself  very  nearly  upon  a  meridian 
line,  and  one  pole  will  invariably  pomt  towards  the  north,  and  the 
other  towards  the  south ;  if  it  be  moved  from  this  position,  in  a 
few  moments  it  will  resume  it,  the  same  pole  pointing  to  the 
north  as  before ;  hence  one  pole  of  the  magnet  is  called  the 
noi*th,  and  the  other  the  south  pole. 

388.  The  mutnal  action  of  the  Poles.    The  two  poles  at- 

333.  What  U  a  mafoiet?  What  Is  the  origin  of  the  name?  What  are  artificial  mag* 
nets?  What  \i  the  e&ct  of  c  red  heat  on  a  magnet?— 887.  Does  the  attractire  force  of 
the  magnet  reside  equally  at  all  points  en  its  sur&ce?  What  are  the  polea  of  the  mag- 
net ?— w8.  State  the  diOerenoe  betw.ien  the  polar  forces  of  Um  magnet. 


ThA  Magnet. 
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tract  iron  filings  equally,  and  appear  to  be  identical  in  tlie'er 
character;  but  in  fact  they  possess  different  kinds  of  ma^ieti^m, 
endowed  with  properties  opposite,  but  analogous  to  each  other. 
Thus,  if  a  small  magnetic  needle,  Fig.  174,  be  suspended  from 

a  fine   thread,   and   the 
^'S*  ^^**  north   pole  of  a  second 

needle  be  presented  to 
the  north  po!e  of  the  fii-st, 
B  quick  repulsion  takes 
place;  but  if  the  same 
north  pole  be  presented 
to  tlie  south  pole  of  the 
suspended  needle,  attrac- 
tion immediately  takes 
place.  The  poles,  n  and 
«,  are  not  then  identical, 
since  one  is  repelled,  and 
the  other  attracted,  by 
the  same  pole,  n,  of  the 
magnet  held  in  the  hand. 
If  the  south  pole  of  the 
second  magnet  be  in  turn 
presented  to  the  north 
pole  of  the  first,  attraction 
Tvill  take  place ;  and  on  the  other  hand,  if  presented  to  the 
south  pole  of  the  first,  repulsion  will  ensue.  Consequently,  we 
deduce  this  principle,  that  magnetic  forces  of  the  same  kind 
repel,  and  those  of  different  kinds  attract,  each  other.  These 
two  magnetic  forces  are  always  developed  at  the  same  time; 
one  can  not  be  produced  without  the  other ;  they  are  equal  in 
amount,  are  oppo^'ite  in  their  tendencies,  and  are  capable  of 
exactly  neutralizing  each  other.  Forces  which  exhibit  this 
combination  of  equal  and  opposite  powers  are  called  polar  forces* 
Electricity  is  also  a  polar  force,  and  the  analogy  between  it  and 
magnetism  is  so  complete  that  it  is  obvious  they  must  be  closely 
connected. 

389.  The  directiva  action  of  ths  fiarth  vpoa  Ma^otiL  It 
has  been  stated  that  if  a  magnetic  needle  be  suspended  by  a 
thread,  or  supported  upon  a  pivot,  oa  wbich  it  can  readdy  turn, 
it  will  oscillate  for  a  time,  and  finally  take  a  position  nearly 
n-  rth  and  south.     If  the  needle  be  placed  upon  a  cdHc,  in  a 

^Vhnt  prlncipV  do  we  Oeduce  from  t'lose  facts?    WuX  an  polar  fbroes?— S88.  WhaA 
ii  tae  eOticC  ot'  XA9  «arUi  upoa  a  magnetic  pwdW  ? 


Mutual  action  of  Magnetic  Poles. 
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The  directive  action  of  the  Earth. 


vessel  of  water,  the  same  thing  takes  place ;  it  assumes  a  posi- 
tion north  and  south,  but  does  not  advance  either  to  the  north 
or  south.  The  action  of  the  poles  of  the  earth  upon  the  mag- 
net is  not  attractive,  but  directive^  as  though  these  poles  were 

situated  at  an  immense  distance. 
Fig.  175.  The  earth  appears  to  be  a  vast 

y.  magnet,  whose  poles  are  situated 
near  the  poles  of  the  earth,  the 
north  magnetic  pole  being  within 
the  arctic,  and  the  south  mag- 
netic pole  within  the  antarctic 
circle.  Consequently,  as  mag- 
netic poles  of  the  same  kind  re- 
pel, and  of  different  kinds  attract, 
each  other,  the  pole  of  an  artifi- 
cial magnet  which  points  towards 
the  north  pole  of  the  earth  must 
be  its  true  south  pole,  and  the 
pole  which  points  toward.s  the 
south  pole  of  the  earth  its  true 
north  pole.    Fig.  175. 

390.  The  Astatic  Needle.  The  astatic  needle  is  a  magnetic 
needle,  arranged  in  such  a  manner  that  it  is  no  longer  under  the 
directive  influence  of  the  magnetic  poles  of  the  earth,  and  con- 
sequently, will  remain  fixed  in  any  position  in  which  it  may  be 
placed,  without  tending  to  point  north  and  Fouih.  Two  mag- 
netic needles  are  placed,  one  beneath  the  other,  and  fastened 
firmly  together  by  a  pin,  with  their  poles  rever>ed,  i.  e.,  the 
north  pole  of  the  upper  needle  having  the 
south  pole  of  the  lower  needle  directly  bt*- 
neath  it,  and  the  south  po!e  of  the  upper  nee- 
dle having  the  north  pole  of  the  lower  ar- 
ranged likewise.  Conpequently,  the  attraction 
which  the  north  pole  of  the  earth  exerts  upon 
the  upper  needle  is  counteracted  by  the  repul- 
sion which  it  exerts  upon  the  south  pole  of 
the  needle  fixed  beneath  it;  the  compound 
,  needle  is  therefore  not  drawn  towards  the 
north;  for  the  same  reason,  it  is  not  drawn 
The  Astatic  Needu.  towards  the  south,  but  remains  indifferently  in 
any  position  in  which  it  is  placed,  without  at 

I«  the  artion  attncHTp,  or  d'recMTe  ?    What  \n  thp  true  north  pole  of  the  needle  ?    Tht 
true  south  pole  ?— 390   Describe  the  astatic  needle. 
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the  same  time  losing  any  portion  of  ita  magnetic  power ;  hence 
its  name,  derived  from  the  Greek,  which  means  unsteady,  havirg 
no  directive  tendency. 

391«  Induction  oflSaffnetiim*  A  powerful  magnet  has  the 
power  of  inducing  magnetism  in  magnetizable  substances  placed 
near  it,  in  the  same  way  as  a  highly  charged  electrified  body 
has  the  power  of  inducing  electricity  in  all  bodies  in  its  vicin- 
ity. Thus,  if  a  piece  of  iron  be  brought  near  the  north  pole  of 
a  powerful  magnet,  but  not  touching  it,  the  end  of  the  iron 
nearest  the  magnet  will  be  affected  with  the  opposite,  and  the 
remote  end  with  the  same,  magnetism ;  consequently,  the  iron 
being  thrown  into  the  opposite  magnetic  state,  will  bie  attracted 
towards  the  magnet.  This  is  the  cause  of  all  magnetic  attrac- 
tion, and  is  due  to  the  magnetism  induced  in  the  body  attracted ; 
in  the  ca>e  of  iron  filings,  each  particle  becomes  magnetized. 
If,  while  the  piece  of  iron  is  under  the  inductive  influence  of 
the  magnet,  another  piece  of  iron  be  presented  to  it,  and  to  this 
another,  these  pieces  will  all  be  magnetized  by  induction,  with 
their  poles  reverfcd,  and  be  attracted  by  the  firot  piece ;  I'iff. 
177.     If  the  magnet  be  removed,  the  induced  magnetism  of  all 


Indueti&n  of  Magnttism* 


the  pieces  of  iron  is  destroyed,  and  they  will  fall  to  the  ground ; 
this  induction  is  not  prevented  by  the  interposition  of  unmag- 
netizable  substances  between  the  magnet  and  the  iron ;  a  piece 
of  glass  inserted  between  them  will  not  interfere  with  the  effect. 
392.  All  mibstances  are  either  attracted  or  repelled  by  the 
Magnet.— Magrnotic  and  Dia-magnetic  Bodies.  It  was  formerly 
supposed  that  iron  was  the  only  substance  susceptible  of  attrac- 
tion by  the  magnet ;  it  was  afterwards  proved  that  the  metals, 
nickel  and  cobalt,  are  also  possessed  of  the  same  susceptibility, 
and  more  recently  it  has  been  discovered  that  all  bodies  ai*e 

891.  'What  is  meant  by  the  induction  t>f  magnetism?  How  can  it  be  proTed ?— 892. 
What  iff  the  difference  between  magnetic  and  diamagnetio  bodies?  What  other  metais, 
beddofl  iron,  arc  susceptible  of  magnetization  ? 
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Fig.  178. 


affected  by  the  mai^net,  in  some  degree,  and  either  attracted  or 
repelled  by  it.  Thus,  if,  in  Fig*  178,  n  and  s  represent  the 
poles  of  a  powerful  horse-shoe  magnet, 
upon  which  the  observer  is  looking  down ; 
the  line  a,  x,  connecting  the  two  poles,  may 
be  called  the  axis  of  the  magnetic  field, 
and  E,  Q,  which  crosses  it  at  right  angles, 
its  equator.  If  an  iron  needle  be  sus- 
pended by  its  centre,  above  such  a  magnet, 
it  will  take  a  horizontal  direction,  parallel 
to  the  axis  a  x,  and  is  ^ai  1  to  point  axially. 
But  if  a  stick  of  phosphorus  be  suspended 
between  the  two  poles  of  the  magnet,  it 
will  take  the  equatorial  position. 
E  Q,  the  phosphorus  being  re- 
pelled by  each  pole  to  the  great- 
est possible  distance ;  consequent- 
ly, phosphorus  is  called  a  dia-mag- 
netic  body.  Some  of  the  metals, 
such  as  antimony  and  bismuth, 
exhibit  this  dia-magnetic  property 
in  a  still  higher  degree.  It  is  even 
possessed  by  many  substances  of 
an  organic  nature.  In  Fig,  179, 
is  represented  a  bar  of  copper, 
occupying  the  equatorial  position 
between  the  two  poles  of  an  elec- 
tro-magnet, which  project  upwards 
through  apertures  made  in  the 
table.  While  iron  is  the  most 
highly  magnetic  of  all  substances, 
there  are  many  others  not  usu- 
ally esteemed  magnetic,  which  will 
take  the  axial  position,  if  brought 
near  the  poles  of  a  powerful  magnet,  such  as  the  red  oxide  of 
iron,  and  even  a  sheet  of  writing  paper,  if  rolled  into  the  form 
of  a  short  cylinder,  will  usually,  owing  to  the  iron  or  cobalt 
which  it  contains,  assume  a  similar  direction. 

393.   The  dia-maflrnetinn  of  Gases.    The  property  of  dia- 
magneti-^m  is  not  confined  to  solids  and  liquids ;  the  gases  also 

What  1»  the  axis  and  the  equator  of  the  magnetic  field  ?  TTo^  can  diimai^etifim  be 
ll1u.«trated  by  phoffphorus  and  bismuth?  By  a  Khcct  of  writing  paper? — 393.  How  caa 
the  magnetiam  and  diamaguetism  of  gases  be  shown  ? 


Tke  DUi-magrutum  of  Solids, 
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Fjg.  180.  possess  it    Thus,  if  three  tubes  he 

arranged  in  the  equator  of  the  mag^ 
netic  field,  as  shown  in  Fig.  180, 
and  in  each  tube  a  piece  of  papei', 
moistened  wilh  chloro-hydric  acid, 
be  suspended,  and  another  piece  of 
paper,  moistened  whh  ammonia,  be 
placed  in  a  bent  tube,  conveying 
^The  Dio^magnetdm  0/ Gases.  the  gas  in  question,  thc'gas  will  be- 
come charged  with  ammon'acal  va- 
por, and  as  long  as  the  electro-magnet  is  not  brought  into  action, 
will  pass  directly  up  the  centre  tube ;  but  as  soon  as  the  electro- 
magnet is  in  operation,  those  gases  which  are  dia-magnetic  will 
no  longer  pass  up  the  centre  tube  alone,  but  will  enter  the  side 
tubes,  arranged  in  the  equator  of  the  instniment^  and  their  pres- 
ence will  be  made  manifest  in  each  tube  by  the  white  cloud 
which  is  always  produced  when  the  fumes  of  ammonia  come 
into  contact  with  those  of  chloro-hydric  acid.  The  same  fact 
can  also  be  determined  by  blowing  eoap  bubbles  with  the  gas  in 
question,  and  bringing  them  near  the  pole.^  of  the  magnet ;  if 
attracted,  the  gas  is  magnetic ;  if  repelled,  it  is  dia-magnetic, 

394.  Oxygen  a  mairnetic  nibstance.  By  suspending  a 
feebly  magnetic  gla^^s  tube  between  the  magnetic  poles,  success- 
ively in  oxygen  and  in  vacuo,  it  has  been  found  that  it  is  less 
strongly  attracted  in  oxygen  than  in  the  exhausted  receiver,  and 
on  varying  the  experiment  in  different  way-,  it  has  been  proved 
that  oxygen  is  a  decidedly  magnetic  body.  A  cubic  French 
metre  of  oxygen,  which  is  rather  more  than  an  English  cubic 
yard,  and  which  ordinarily  weighs  22015  grs.,  if  it  were  con- 
densed until  it  had  a  specific  gravity  equal  to  that  of  iron,  would 
act  upon  a  magnetic  needle  with  a  force  equal  to  that  of  a  little 
cube  of  iron  weighing  8^  grs.,  and  the  magnetism  of  oxygen  is 
to  that  of  iron,  as  1 :  2647.  The  magnetic  effect  of  the  oxygen 
in  the  air  is  equal  to  that  of  a  shell  of  metallic  iron  ^J^^  of  an 
inch  in  thickness,  surrounding  the  entire  globe.  Oxygen  loses 
its  magnetism  when  strongly  heated,  and  recovers  it  aga'n  when 
the  temperature  falls.  The  diminution  of  its  magnetic  intensity 
a^  temperature  rises,  has  been  thought  to  explain  the  diurnal 
variations  of  the  needle.     It  has  also  been  ascertained  that  the 


894  How  can  the  maprnetbrn  of  oxygen  be  proved  ?  To  what  is  thin  maftnetie  porer 
equal  when  comparod  \y\V\  thnt  of  Iron?  What  in  the  effect  of  he«t  upon  it?  la  th« 
flJuue  of  candles  and  the  clertrie  Ugh<:  magnetic,  or  dia-magnetie  * 


Digitized  by  VjOOQ IC 


EFFECT   OF   CURRENT   ON   THE   3IA.GXETIC   NEEDLE.     375 

*  * 

flame  of  candles,  and  of  the  electric  light,  is  dia-magnetic  when 
placed  between  the  poles  of  a  powerful  magnet. 

395.  Blagnetic  and  IHa-maffnetio  Bodies.  The  following 
is*  a  list  of  various  substances  arranged  in  the  order  of  their 
magnetic  and  diannagnetic  powers  as  determined  by  Mr.  Faiu- 
day. 

Magnetic,  Dia-magnttie, 

Iron. 
Kickd. 
OobalL 
MangAnefle. 
Chromiam. 
Cerium. 
Titanium. 
P&IIadium. 
Crown  GIam. 
Platinum. 
Osmium. 
Oxygen. 

395«  Reason  why  a  Magnetic  Needle  assumes  a  position 
at  rigrht  an^rlos  to  the  Conductingr  Wire.  From  what  lias  been 
said,  it  is  evident  that  the  magnetic  needle  assumes  a  position  at 
right  angle.i  to  the  wire  connecting  the  two  poles  of  the  battery, 
because,  of  the  creation  of  two  magnetic  forces  circulating  around 
the  wire  in  opposite  directions,  and  at  right  angles  to  its  length  j 
the  north  pole  of  the  needle  being  controlled  exclusively  by  the 
south  magnetic  force,  and  the  south  pole  exclusively  by  the  north 
magnetic  force.  A  galvanic  current  can  not  traverse  a  wire  with- 
out generating  polar  magnetic  forces,  circulating  around  it  at  right 
angles  along  its  entire  length.  Thus,  in  Fig,  181,  if  A,  b,  rep- 
resent a  wire,  through  which 

^^'g-  ^^^' an  electrical  current  is  passing, 

^(T^'-^-'^'f^-'^  N     indicated  by  the  dart,  the  small 

v^^^^^^       ,.  J-^,^-J^J        arrows  indicate  one  of  the  ma;'- 


Bismiith. 

Copper. 

Phofiphorns. 

Water. 

Antimony. 

Gold. 

Zinc. 

Alcoliol. 

Silico-borato  of  Lead. 

Ether. 

Tin. 

Arsenic. 

Cadmium. 

Uranium. 

Sodium. 

Rhodium. 

Flint  Glaas. 

Iridium. 

Mercury. 

Tungsten. 

Lead. 

Nitrogen. 

Silver. 

^  ,,  netic  forces,  or  ma^etic  cur- 

Force.  rents,  as  they  are  sometimes 

called,  which  cross  it  at  right 
angles,  and  the  galvanic  current  can  not  be  made  to  tia verse  such 
a  wire  without  producing  these  mcignetic  forces.  Not  only  does 
the  electrical  current  generate  these  polar  magnetic  forces  which 
cross  it  at  right  angles  to  its  length,  but  it  also  magnetizes  the  wire 
it<elf.  This  may  be  proved  by  the  attraction  which  it  exerts 
upon  iron  filings  wh  n  they  are  brought  near  it ;  if  the  current 
be  broken,  the  filings  immediately  fall.     These  filings  are  at- 

835.  Mention  »me  of  t*ic  principal  magnetic  and  dinmagnctie  bodies. — 393.  Whit  is 
the  reaaon  that  the  cnnducting  wire  affnci^  the  magnetic  needle?  Does  the  \riro  it^if 
Ih'Come  magnetic  ?  IIo>t  can  t<it<4  be  proved  ?  la  it  poaciblo  for  the  current  to  tmvera» 
ft  wire  without  prodaclng  magnetinu  ? 

16 
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traded  to  the  wire  by  the  magnetism  which  it  induces,  and  as 
long  as  they  are  under  its  influence  they  are  made  lem|  orary 
magnets,  in  the  same  way  as  they  would  be,  if  acted  upon  by 
a  jjowerful  perftianeut  magnet.     See  §  391. 

397.  The  galvanic  current  induces  Kagnetitm.— Slectro- 
magnots.  ]^ot  only  are  iron  filings  thus  induitive'y  con-r 
verted  into  temporary  magnets  by  the  wire,  but  larger  pieces 
of  iron,  if  brought  near  the  wire,  are  similarly  afiectcd. 
If  a  small  rod  of  iron  be  placed  at  right  angles  acro^jg  the 
connecting  wire,  it  will  become  strongly  magnetic,  aLd  ccn- 
tinue  so,  as  long  as  the  electrical  current  passes ;  if  the  connec- 
tion of  the  wire  with  the  ba'tery  be  broken,  the  magneti.ra 
cea-es.  If  the  rod  be  placed  in  a  small  glass  tube,  and  the 
cor.duc'.ing  wire,  instead  of  cro.-sing  once  at  right  aigles,  be 
carried  around  it  several  times,  forming  a  spiml  coil,  so  that  the 
electrical  current  is  made  to  pa.*s  several  times  around  the  iron 
rod,  its  magnetic  power  will  be  greatly  increased..  The  extremi- 
ties of  the  rod  will  be  the  poles  of  the  temporary  magnet,  and 

this  wi  1  be  the  ca>e 
Fig.  182.  even  if  the  extremities 

of  the  iron  rod  pnijec  t 

some  distance  beyond 
*  Right  Hand  Helix.         '*  the  coil.    Such  a  tpiral 

coil  of  wire  is  called  a 
helix,  and  when  wound  to  the  right,  constitutes  a  right-handed 
helix.  Fig,  182  ;  and  when  to  the  lelt,  a  let\-handcd  hel  x ;  Fig. 

183.       In    the    ri^iht 

^  Fig.  1^3^  hand   helix,  the  south 

-Il^O^A^A-^X^a.^  pole  is  at  the  extix-m- 

Uft  Hand  Helix,  *  the    positive     ehctric 

current  enters  it;  in 
the  left  hand  helix,  the  south  pole  is  always  at  the  extremity, 
by  which  the  current  leaves  the  helix.  If  the  direction  of  the 
cuiTent  be  reversed,  the  poles  will  also  be  reversed.  It  is  not 
necessary  to  place  the  rod  of  iron  in  a  glass  tube ;  if  the  wire 
be  wound  with  some  good  non-conductor  of  electricity,  such  as 
silk,  or  cotton,  so  as  to  compel  the  electrical  current  to  circuhite 
around  the  rod,  without  leaping  transversely  across  the  wires, 
or  entering  the  rod  itself,  the  same  end  will  be  attained.     Such 

897.  IIow  can  a  rod  nf  iron  be  made  majn^etic  by  the  current  ?  What  1«  a  right  hand 
hrlix  ?  A  ]prt  liand  ?  Hovr  are  the  poles  of  each  arranged  ?  What  ii  the  eJoct  upon  ux% 
poiM  or  rwenlDg  the  corrent  ? 
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a  bar  of  iron,  converted  into  a  temporary  magnet,  by  the  induc- 
tive influence  of  an  electrical  current,  is  called  an  electro-mag- 
net. If  a  steel  rod  be  substituted  for  the  soft  iron  bar,  it  will 
become  permanently  magnetic.  The  same  effect  will  be  pro- 
duced upon  a  steel  needle  placed  in  the  centre  of  a  spiral  coil 
of  wire,  through  which  a  powerful  charge  of  frictional  electri- 
city from  a  Leyden  jar  is  transmitted.  If  a  wire,  carefully 
woun  I  with  fine  silk  or  cotton,  and  thoroughly  coated  with  shell- 
lac  dissolved  in  alcohol,  in  order  to  increase  its  non-conduct- 
ing power,  be  wound  several  times  around  the  ii^on  rod,  proceed- 
ing regularly  from  one  end  to  the  other  and  then  returning,  the 
magnetic  power  produced  by  the  circulating  current  will  be 
greatly  increased,  and  the  greater  the  number  of  coils,  the  more 
powerful  is  the  effect  In  Fig.  184,  is  represented  a  coil  of 
this  description,  wound  into  the  form  of  a 
^'g'  t84.  hollow  cylinder,  so  that  the  iron  rod  may 

"^""^"""^  be  withdrawn  at  pleasure.     If  the  rod  be 

removed,  and  the  connections  established 
with  the  battery  by  means  of  the  binding 
cups  arranged  below,  it  will  be  found  that 
the  ends  of  the  coil  have  themselves  become 
very  strongly  magnetic,  as  shown  by  their 

Magnet,  MvU  and  ^.  "^     ..        %/.       ^|.  Ti»  ^l  j  i. 

Unmade.  attraction  ot  iron  hlings.     If  the  rod  be  now 

inserted,  this  will  become,  by  induction,  very 
strongly  magnetic,  and  support  quite  large  pieces  of  iron  brought 
near  the  poles ;  these  pieces  of  iron  become  themselves  possessed 
of  magnetic  power,  and  will  support  additional  pieces,  so  that  quite 
a  long  chain  of  magnets  may  thus  be  formed  in  the  manner  rep- 
resented in  the  figure,  in  all  cases  the  north  pole  of  one  being 
opposite  the  south  pole  of  the  next.  If  the  connection  with  the 
battery  be  broken,  so  that  the  battery  current  ceases  to  flow 
through  the  coil,  the  magnetism  of  the  rod,  and  of  all  the  pieces 
of  iron,  is  at  once  destroyed,  and  the  keys  fall;  if  the  connection 
be  reestablished,  the  magnetism  is  immediately  restored,  and  the 
keys  are  again  attracted.  In  this  manner,  by  forming  and 
breaking  the  connection  with  the  battery,  a  piece. of  soft  iron 
may  be  magnetized  and  de-magnetized  at  pleasure.  If  a  mag- 
netic needle  be  brought  near  the  magnetized  rod  of  a  helix,  it 
will  be  thrown  into  violent  agitation  for  a  few  moments,  and 
then  have  one  of  its  poles  strongly  atti^cted  towards  one  of  the 

What  iff  the  efffct  of  carrying  the  wire  BeTeral  thnes  around  the  iron  har?  What  to. 
an  electro-mignet  ?  De»Mnribe  Fig.  184.  Ts  the  coil  itself  made  magnetic  by  the  paaaage 
of  the  current  ?    How  can  an  eleotroHougnet  be  made  and  unmade  ? 
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poles  of  the  rod.  If  it  be  the  north  pole  of  the  needle  which 
is  thus  attracted,  we  may  know  that  it  poin*8  to  the  iouth  po!e 
of  the  iron  ixkI,  and  thus  the  character  of  its  poles  may  be  de- 
termined. 

398«  BSolecnlar  movements  daring'  tke  ma^etisatton  of 
Bars.  The  induction  of  magneti>m,  and  ihe  ce^satjon  of  mag- 
netism, are  both  attended  wiUi  molecular  motion  throughout  the 
roJ  of  iron.  The  rod,  on  becoming  magnetic,  acquires  a  sight 
increase  in  length,  and  suddenly  contracts  to  its  former  dimen- 
sions when  the  magnetism  cc^ases.  If  the  bar  be  supported  at 
one  end,  so  as  to  bend  under  its  own  weight,  it  becoraest  etra'ght- 
ened  to  a  greater  or  less  extent  when  magnetized.  Each  lime 
that  the  bar  becomes  magnetic,  or  loses  its  magneti^m,  a  distinct 
sound  is  produced.  Finally,  the  molecular  movements,  H  re- 
peated in  quick  succession  by  rapidly  making  and  breaking  con- 
tact between  the  helix  and  the  battery,  so  as  quickly  to  magne- 
tize and  de-magnetize  the  rod,  produce  an  elevation  of  its  tem- 
perature, which  is  entirely  independent  of  the  heat  produced  in 
the  conducting  wire  by  the  flow  of  the  electrical  current.  These 
fact^  are  possessed  of  great  interest,  as  connected  with  the  theory 
of  the  convertibility  of  Forces.   (See  §§  263  and  264.) 

399.  The  Galvanometer.  The  degree  of  movement  in  a 
magnetic  needle,  produced  by  the  passage  of  an  electrical  cur- 
rent^ is  proportioned  to  the  strengh  of  that  current,  and  may  be 
used,  therefore,  to  measure  its  intensity.  An  instrument  con- 
structed for  this  purpose,  is  called  a  Galvanometer.  Its  use  ia 
restricted  to  the  measurement  of  currents  of  feeble  intensity, 
because,  when  the  current  reaches  a  certain  degree  of  strtngth, 
the  needle  immediately  a  sumes  a  position  at  right  angles  to  the 
wire,  and  flies  at  once  to  the  farthest  point  to  which  it  can  goy 
and  it  is  evident  that  it  can  measure  no  degree  of  strength  ia 
the  electrical  current  beyond  that  which  will  drive  it  into  this 
position.  For  the  measurement,  however,  of  currents  of  elec- 
tricity of  low  intensity,  this  instniment  is  invaluable.  It  is  of 
two  kinds,  the  common,  and  the  astatic  galvanometer ;  in  the 
former,  a  common  magnetic  needle  is  employed ;  in  the  latter, 
an  a>tatic  needle.  In  the  common  galvanometer,  instead  of 
having  the  wire  connecting  the  two  poles  of  the  battery  pass 
once  directly  above  or  below  the  magnetic  needle,  it  is  bent,  and 
curried  first  beneath  the  needle,  and  then  brought  back  above 

808.  DeMribe  Uio  molecular  morements  which  take  place  durloft  the  OMgnetimtion  of 
bim  I  Wh  tt  oiTect  in  pnxiuced  upon  the  temperature  of  the  bar  by  rapi4  magne^satittii 
*n4  deiiiagDeUxatioa?-<'399.  Describe  the  conuooii  galyanomotev. 
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TIU  Common  Galvanometer. 


Fig.  185.  it,  as  represented  in  Fig,  185;  in  this 

manner,  the  effect  of  the  current  upon 
the  needle  is  doubled,  and  its  sensitive- 
ness to  the  passage  of  very  feeble  cur- 
rents greatly  increased.  In  the  most 
perfect  form  of  the  instrument  the  wire 
is  carried,  not  simply  once  around  the 
magnetic  needle,  but  several  times,  so 
as  to  constitute  a  longitudinal  coil, 
within  which  the  needle  plays  freely. 
When  the  instrument  is  to  be  used,  it 
is  placed,  with  the  coU  and  the  needle, 
in  the  magnetic  meridian ;  the  connec- 
tion is  then  formed,  and  the  electrical  current  transmitted ;  the 
needle  is  at  once  deflected  to  the  east,  or  west,  as  the  case  may 
be,  and  more,  or  less,  according  to  the  strength  of  the  current ; 
when  the  current  exceeds  a  certain  strangth,  the'heedle  assumes 
a  position  at  right  angles  to  the  coil,  and  ceases  to  measure  any 
additional  degrees  of  intensity. 

400.  The  Attmtic  OalTanemeter.  In  the  common  galvan- 
ometer, the  needle,  when  deflected  by  the  electrical  current, 
evidently  moves  in  opposition  to  the  magnetism  of  the  earth, 
which  tends  to  keep  it  in  the  magnetic  meridian,  and  the  dis- 
tance to  which  it  moves  is  not,  therefore,  a  correct  indication  of 
the  real  strength  of  the  current,  but  of  its  force  less  the  amount 
of  the  mafn^etic  attraction  of  the  earth.  If  this  attraction  be 
neutralized,  its  sensitiveness  to  the  in- 
fluence of  the  electrical  current  is  great- 
ly increased.  This  is  accomplished  by 
the  use  of  the  astatic  needle,  which,  a) 
has  been  8hown,(§  390,)  is  constructed  in 
such  a  way  as  to  be  free  from  this  influ- 
ence, in  consequence  of  the  counteract  ing 
influence  of  opposite  poles.  The  con- 
ducting wire  is  carried,  as  in  the  last  case, 
first  under,  and  then  above,  the  lower 
need'e;  Fig,  186.  Such  a  needle  is 
indifferent  to  the  magnetism  of  the 
earth,  and  will  remain  without  change 
in  any  position  in  which  it  may  be  placed ;  in  practice,  how- 
ever, it  is  arranged  so  as  to  tend  slightly  to  occupy  a  north  and 

400.  De«ocllM  the  astotto  galfinometer* 


Fig.  186. 


T%e  Astatic  Galvanometer. 
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TheAUatic  Galvanometer^  with  CoiloJ  Wi>«. 


^w  ^880    LliJt'ID  PART  OF  CIRCUIT  EXERTS  MAGNETIC  ACTION. 

■^       ^      T  ^'S'  ^®^*  south  direction,  in  order  tliat 

it  may  possess  a  fixed  point 
from  which  its  motion  may  be 
measured.     This  galvanome- 
ter is  represented  in  section, 
in  Fig.  187;  G  is  a  gla<s  ca>e, 
protecting  the  instrument  from 
dust,  and  currents  of  air;  d  is 
a  fibre  of  silk,  by  which  the 
needle  is  suspended ;  n  «,  s  n, 
represent  the  compound  nee- 
dle with  reversed  poles ;  c,  c, 
is  a  graduated  copper  plate,  to 
mark  the   movement  of  the 
upper  needle;   tr,  «r,  is   the 
coil  of  wire;  A,  h,  are  the  bind- 
ing cups,  for  making  connections ;  wi,  m,  are  screws  for  level  ng ; 
and  /,  a  small  lever  for  aljusting  the  position  of  the  needle  upon 
the  graduated  copper  plate.     Such  an  instrument  is  sensitive  to 
the  f  eblest  currents  of  electricity,  and  will  detect  that  which 
is  produced  by  two  bits  of  zinc  and  platinum  wire,  not  half  an 
inch  in  length,  placed  in  acidulated  water.     This  instrument  is 
invaluable  for  the  measurement  of  small  degi-ees  of  heat,  as 
well  as  of  electricity,  as  we  shall  see  hereafter. 

401.  The  liqnld  part  o^  tho  voltaic  circnit  acts  npon  the 
Mafimetic  Needle.  That  the  electrical 
current,  in  every  part  of  its  coun-e,  acts 
upon  the  magnetic  needle,  i.  e.,  in  the 
liquid  within  the  battery,  as  well  as  in 
the  wire  connecting  the  poles,  may  be 
beautifully  seen  in  Fig,  188.  A  needle, 
w,  5,  is  pucpended  over  a  di^h  of  acidu- 
Lited  water;  on  one  side  of  this  dish 
a  zinc  plate,  z,  is  plat'e<l,  and  on  the 
other  a  platinum  plate,  p;  the  needle 
must  be  placed  so  that  one  of  its  poles 
point  to  one  plate,  and  the  other  pole  to 
the  other.  If  the  two  plates  be  now 
connected  by  a  wire,  the  needle  will  be 
deflected,  and  will  place  itself  nearly 


Fig.  188, 


Tht  iiffiito  ,msi  .,f  thA  Circuit 
magneiu. 


parallel  to  the  plates. 


401.  Show  that  the  liquid  part  of  the  circuit  acts  upoo  tbt  magnetlo  needia. 
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403>  The  laws  of  Blectro-magnetism.  The  following  laws 
have  been  established  in  regard  to  the  production  of  magnetism 
by  the  electrical  current,  so  long  as  the  battery  current  is 
maintained  of  uniform  sti^ength.  Ist.  The  magnetism  induced 
in  any  given  rod  of  iron  is  proportioned  to  the  number  of  colls 
of  insulated  wire  which  are  wound  upon  the  rod ;  and  it  makes 
no  difference  whether  the  coils  are  uniformly  distributed  over 
the  whole  length  of  the  rod,  or  accumulated  towards  .its  two 
extremities.  2d.  The  diameter  of  the  coils  which  surround  the 
rod  does  not  influence  the  result,  provided  the  current  be  of 
uniform  strengtli,  the  effect  of  increase  of  distance  of  the  coil 
from  the  bar  being  compensated  by  the  increase  of  effect  produced 
by  the  additional  length  of  the  wire.  3d.  The  thickness  of  tl:e 
wire  has  no  effect  upon  the  result  4th.  The  energy  of  the 
magnetism  is  proportioned  to  the  strength  of  the  current.  5th. 
The  retentive  power  of  the  magnet  increases  as  the  square  of 
the  intensity  of  the  magnetism.  6th.  The  intensity  of  the 
magnetism  is  proportioned  to  the  surface  which  the  rod  exposes ; 
and  in  cylindrical  rods  is  as  the  square  of  the  weight ;  bundles 
of  separate  wires  expose  a  larger  surface  than  a  solid  rod,  and 
hence  are  susceptible  of  a  higher  amount  of  magnetism  than  a 
solid  bar  of  equal  weight.  7th.  The  employment  of  long  rods 
possesses  this  advantage  over  short  rods,  that  the  neutralizing 
influence  of  the  two  poles  upon  each  other  is  lessened.  8th. 
The  increase  of  magnetic  energy  by  the  increase  in  the  strength 
of  the  electric  current,  proceeds  up  to  a  certain  point,  but  there 
is  a  limit  to  the  amount  of  magnetic  force  which  can  be  devel- 
oped in  iron,  although  the  amount  of  electric  action  may  be 
indeflnit^ly  increased. 

403.  Ampere's  theory  of  Blagnetism.  Ampere's  theory 
...  of  magnetism  is,  that  in  every 
'^'  magnet  there  are  currents  of 
electricity  circulating  around  it 
at  right  angles  to  a  line  joining 

An^^,  Huary  ^f  Magnetis^n.  ^^^  ^WO  poles,  Fig.  189,  and  that 

these  currents  are  the  source  of 
the  magnetic  force.  In  the  ordinary  magnetic  needle,  which  is 
pointing  north  and  south,  these  electrical  currents  ascend  on 
the  western  side,  and  descend  on  the  eastern.  This  theory  is 
.founded  upon  the  magnetic  properties  possessed  by  a  helix, 
through  which  a  current  of  electricity  is   circulating.     If  a 

402.  State  the  laws  of  electro-magnetluu.— 403.  State  Ampere^B  theory  of  magnetism. 
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The  Magnetism  of  a  Wire  HeUx  carrying  the  Current. 


F»g-  !»»•  simple  helix  of  thin 

wire  be  freely  sus- 
pended in  the  man- 
ner represented  in 
Fig.  190,  by  a  hook 
dipping  into  a  cup 
containing  mercury, 
and  supported  at  the 
lower  end  in  a  siroi- 
lar  cup  of  mercury, 
a^  foon  as  the  elec- 
trical cuiTvnt  is  made 
to  circulate  in  a  do^-n- 
ward  direction, the  he- 
lix will  acquire  mag- 
netic proper!  ie?,  as 
represented  in  the  figure,  and  assume  a  north  and  fonth  posi- 
tion ;  if  suspended  upon  a  point,  it  will  assume  a  position  par- 
allel to  the  dipping  needle.  The  helix  will  also  be  subj«M't  to 
attraction  and  repulsion  by  the  poles  of  another  helix,  similarly 
mounted,  and  in  short,  exhibit  all  the  properties  of  a  common 
bar  magnet;  Fig,  191.  Hence  the  supposition  that  the  com- 
mon magnet  is  nothing  but 
an  iron  bar,  around  ^  hicb  a 
similar  cun-ent  of  electricity 
is  continually  circulating. 
The  cause  of  these  currents 
is  not  known.  The  mag- 
netism of  the  earth  is  sup- 
posed to  be  produced  by 
currents  of  electricity  circu- 
lating continually  around  it 
from  east  to  west,  perpen- 
dicular to  the  magnetic  me- 
ridian ;  these  are  thought 
to  be  thermo-electric  currents,  due  to  the  variations  of  lemj)era- 
ture,  resulting  from  the  successive  presence  of  the  sun  upon  dif- 
ferent parts  of  the  surface  of  the  globe  from  east  to  west, 
and   by  their  circulation   they  produce  the  north  and  south 

On  irhat  is  this  theory  fbnnded  ?  Describe  the  moTementa  of  i»  helix  CMTving  the  cut- 
rent.  Show  how  two  mounted  heliceH.  rarrying  the  current,  affpct  each  other  Explain 
the  magnetimn  of  the  earth  in  Ampere's  theory.  ExpUin  how  the  chK-trical  cmTrata  oC 
the  oarth  circoJate  teaai  east  to  weat,  while  those  of  the  magnet  dxculat«  from  wort'  to 
eaat. 


lioo  Magnetic  Heiices. 
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ma^rnetlc  poles  of  the  earth,  and  give  a  fixed  direction  to  the 
magnetic  needle  of  the  compass.  That  these  currents  circulate 
from  east  to  we^t,  while  tho^e  of  the  ordinary  magnet  circulate 
from  west  to  east,  (^ee  Fig.  189,)  is  explained  by  the  fact,  that 
the  north  magnetic  pole  of  the  earth  really  corresponds  with 
the  south  pole  of  thj  oi-dinary  magnet ;  and  if  the  south  pole 
of  the  ordinary  magnet  be  turned  towards  the  north,  it  will  be 
seen  that  the  currents,  in  this  case.  Fig.  189,  really  flow  from 
east  to  we^t,  just  as  in  the  case  of  the  earth. 

currant  accounted  for  by  Ampere's  Theory.  It  has  been 
found  that  when  two  wires  are  freely  suspended  near  each  other, 
and  galvanic  currents  are  transmitted  through  them,  the  wires 
will  repel  each  other,  if  the  currents  pass  in  opposite  directions, 
but  they  will  aitrctct  each  other  if  the  currents  be  in  the  same 
direction.  If  the  two  wires,  moreover,  through  which  the  cur- 
rent is  passing  in  the  same  direction,  be  not  exactly  parallel,  but 
cross  each  other  at  an  angle,  they  will  tend  to  place  themselves 
in  parallel  lines.  Now  if  it  be  granted  that,  in  every  straight 
m  ignet,  electrical  currents  are  continually  circulating  in  a  direc- 
tion at  right  angles  to  a  line  joining  the  magnetic  poles,  we  see 
plainly  the  reason  why  a  magnet  tends  to  place  itself  at  right 
angles  to  a  wire  connecting  the  poles  of  the  battery,  and  carry- 
ing the  galvanic  current,  viz.,  that  by  such  a  movement  the  elec- 
trical currents  in  the  wire,  and  in  the  magnet,  assume  a  direc- 
tion parallel  to  each  other.     Let  p  q,  in  Fig.  192,  repre;  ent  a 

wire  carrying  the  galvanic  current 
F»K'  192.  in  the  direction  of  the  arrow,  and 

'I  let  N  indicate  the  north  pole  of  a  bar 

magnet,  around  which  electrical  cur- 
rents are  supposed  to  be  circulating 
in  the  same  direction  as  in  the  wire ; 
Mimrnn^inMi        according  to  the  above  theory,  these 
I     I     I  B'^     electric    currents    will    necessarily 

^J 1 iJj/        tend  to  arrange  themselves  parallel 

\  to  each  other,  and  the  magnet  assume 

^  .  .  ^  a   position   at  right  angles  to  the 

espiaintcL  Wire.     On   the   Other  hand,  if  the 

magnet,  n,  be  fixed  in  an  upright 

position,  so  that  it  can  not  move,  and  the  wire,  p,  q,  be  suspended 

•i04.  When  the  galvanic  current  is  traiuniitted  through  the  yrlna  in  opposite  directions, 
what  ofliBct  is  produced  ?    If  iu  the  mnie  direction  ?    If  the  two  wires  in  the  la^t  case  be 
hot  exactly  parallel,  what  effect  \n  produced?    Ilnw  doefl  t'lis  explain,  acoordisg  to  Amir' 
pero's  theory,  the  effect  of  tlie  wire  on  tlie  magnetlo  needle? 
16* 


111 


Q 
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freely  parallel  to  it,  as  soon  as  the  galvanic  current  begins  to 
circulate  from  p  to  q,  the  wire  will  tend  to  move,  and  as.<<ume 
a  position  at  right  angles  to  the  magnet.  Thus,  the  action  of 
the  magnet  and  the  wire  is  reciprocal ;  they  both  tend  equally 
to  move  into  such  a  position,  in  reference  to  each  other,  that  the 
electric  currents  in  both  will  be  parallel,  and  that  one,  of  the 
two,  will  actually  move,  which  is  the  least  permanently  fixed. 
That  the  wire  carrying  the  current  does  actually  move,  so  as  to 
adjust  itself  to  the  magnet,  may  be  shown  by  the  apparatus 
represented  in  Fig,  193.     Let  a  plate  of  zinc,  z,  be  connected 

by  a  wire  with  the  cop- 
Fig.  193.  per  plate,  c,  and  both  be 
suspended  in  a  little  glafs 
vessel  containing  acidu- 
lated water,  which,  by 
the  aid  of  a  piece  of 
cork,  D,  is  made  to  float 
in  a  vessel  of  water.  In 
this  ca«e,  the  galvanic 
cuiTent  is  circulating,  as 
indicated  by  the  arrows, 
from  west  to  east.  If 
now  the  north  pole  of  a 
permanent  magnet  be 
presented  to  the  wire,  as 
D«  la  Rivers  Ring,  its  electrical  currents  are 
also  circulating  from 
Vest  to  east,  and  are  parallel  to  those  of  the  loop,  the  little  bat- 
tery will  maintain  its  position,  the  only  effect  being,  Ihat  it  will 
be  attracted  by  the  magnet,  and  finally  place  itself  midway  be- 
tween its  two  poles ;  but  if  the  south  pole  of  the  magnet  be  pre- 
sented to  it,  the  electrical  cuiTents  of  which  are  circulating  from 
.cast  to  west,  in  the  reverse  direction  from  those  of  the  wire, 
the  floating  battery  will  first  be  repelled  from  the  magnet,  then 
turned  completely  around,  until  the  galvanic  current  circulates  in 
the  same  direction  as  in  the  magnet,  from  east  to  west,  and  the 
two  become  parallel,  and  finally  will  he  attracted  as  beibn*,  until 
it  occupies  a  position  midway  between  the  two  poles.  If  the 
magnetism  of  the  earth  be  pixxluced,  as  suggested  in  the  la*t 

What  efli^t  \s  produced  upon  a  wire  earning  the  current,  irhen  ftvcly  flii!<pended 
parallel  to  a  po'.vcrfUl  flxinl  nmgnct?  Wliat  eJt^ct  is  produced  upon  the  magnet  if  frrvly 
euKpcndcd  pHndlel  to  a  fixed  wire  carry  ius  the  ourreut?  Prove  this  b y  l>o  la  Kire^ 
ring,  Fig.-m,  '  ^ 
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article,  by  thermo-electric  currents  circulating  around  it  from 
east  to  west,  perpendicular  to  the  magnetic  meridian,  it  is  evi- 
dent that  a  wire,  carrying*  the  galvanic  current,  if  freely  sus- 
pended, oiijrht  to  arrange  itself,  according  to  the  above  princi- 
ples, parallel  to  these  currents,  and  at  right  angles  to  the  mag- 
netic meridian.  This  is  found  to  be  the  case,  and  it  constitutes 
a  remarkable  confirmation  of  the  truth  of  Ampere's  theory.  If 
the  curved  wire,  Fig.  194,  be  suspended  from  mercury  cups. 


Fig.  194. 


?^ 


Ejfect  of  the  magnetism  of  the  Earth  upon  the  wire  carrying  the  Currint. 

SO  that  it  can  move  freely,  and  be  turned  so  that  its  plane  coin- 
cides with  the  magnetic  meridian,  it  will  remain  in  that  position 
until  a  connection  is  formed  with  the  battery,  and  a  current 
passed  through  it.  When  this  takes  place,  it  will  be  seen  to 
turn  slowly  around  the  pivots,  so  as  to  take  a  position  at  right 
angles  to  the  magnetic  meridian,  and  parallel  to  the  thermo- 
electric currents  supposed  to  be  circulating  from  east  to  west. 
It  will  turn  in  such  a  direction  that  the  current  in  the  lower 
part  of  the  hoop  will  also  be  from  east  to  west.  Other  rota- 
tions, of  a  similar  kind,  may  be  explained  upon  the  same  theoiy, 
but  it  is  not  necessary  to  pursue  the  subject  farther.  The 
main  fact  is,  that  the  galvanic  current,  traversing  a  wire,  pro- 
duces magnetic  forces  on  lines  at  right  angles  to  its  length,  and 
induces  magnetism  in  a  bar  of  soft  iron  placed  across  it  perpen- 
dicularly. •  , 

JKxplain  Fig.  \iH.    What  is  the  mahi  Ikct? 
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Morse  Shoe  Electro- 
McLgtut. 


405*  The  most  pawerful  form  of  Bleetr*> 
BXagnets,— Howe  Bhoe  Magnets.  By  increas- 
iug  the  number  of  coils  upon  a  straight  rod 
of  iron,  its  magnetic  power  may  be  indefinhelj 
increased.  But  the  best  mode  of  arranging 
magnets  of  this  kind  is  to  bend  the  iron  bar  into 
the  form  of  a  horse-shoe,  as  shown  in  Fig,  1 95, 
and  then  to  wind  it  with  copper  wire,  well  cov- 
ered with  cotton,  or  silk  thread,  and  thoroughly 
insulated.  The  two  poles  cai>  thus  be  brought 
very  near  to  each  other,  and  their  combined 
magnetic  power  concentrated  upon  the  same 
object  at  the  same  moment.  The  two  arms 
must  both  le  wound  in  the  same  direction,  in  order  fhat  their 

effect  may  cohicide  and 
produce  but  two  poles, 
one  at  each  extremity 
of  the  curved  bar.  As 
Foon  as  a  connection  is 
formed  with  the  bat- 
tery, the  curved  bar 
becomes  a  very  power- 
ful magnet,  with  its 
north  pole  at  the  end 
where  the  electrical 
current  enters,  and  tlie 
south  pole,  at  the  end 
where  it  issues,  as 
shown  in  Fig.  196, 
and  will  raise  a  very 
heavy  weight;  but  as 
soon  as  the  connection 
with  the  battery  is 
broken,  the  magnetic 
power  is  destroyed, 
and  the  weight  falls 
with  a  crash.  Mag- 
nets have  been  con- 
structed in  this  form 
which  would  suspend . 

Large  EUctro- Magnet.  2,000  Or  3,000  Ibs.,  and 

405.  What  is  the  most  effectiTe  form  of  the  electro-magnet?    >Vhai  cOects  hav»  bwA 
produced  by  powezful  magnets  of  this  kind? 
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in  some  cases  10,000  lbs.  By  making  and  then  breaking  the 
current  circulating  around  such  an  elect ro-inagnet,  we  can  bring 
into  plaj  or  annihilate  at  once  this  immense  force.  The  iron 
bar  belo\¥  the  poles  is  called  the  armature  of  the  magnet,  and 
the  effect  is  very  greatly  increased  if  it  also  consists  of  an  elec^ 
tro-magnet,  inserted,  with  poles  opposite  to  those  in  the  upper 
magnet,  and  magnetized  by  the  same  current.  As  soon  as  the 
connection  is  formed  with  the  battery,  these  two  electro-mag- 
nets rush  together  with  great  power,  and  with  a  current  of  mod- 
erate intensity,  are  capable  of  supporting  a  weight  of  several 
tons.  It  has  also  been  found  that  the  power  is  greatly  increased, 
if  the  helbc,  instead  of  being  made  of  a  continuous  ¥rire,  be 
formed  of  several  wires  of  limited  length,  each  having  its  own 
connection  with  the  battery.  An  electro -magnet,  constructed 
on  this  principle,  can  be  made  to  lift  more  than  a  ton  with 
a  single  cylinder  battery  of  small  size.  The  same  principle 
is  well  illustrated  by  what  is  called  the  magic  circle,  repre- 
sented in  Fiff.  197.  Two  semi-circles  are  made 
Fig.  lOT.  of  a  stout  bar  of  soft  iron,  and  well  fitted  together 
so  as  to  form  a  circle,  and  include  a  small  helix 
of  wound  wire,  H,  the  two  ends  of  which  are  to 
be  connected  with  the  poles  of  a  small  battery. 
When  the  connection  is  made,  it  will  be  difficult 
to  pull  the  semi-circles  apart,  and  a  very  consider- 
able weight  may  be  raised ;  but  the  instant  the 
connection  is  broken,  the  semi-circles  Ml  apkrt 
of  themselves. 

406.  The  Maflrnetic  Telegraph.  Advantage 
is  taken  of  this  power  to  make  and  to  unmake  a 
magnet,  by  means  of  transmitting  and  breaking 
a  current  of  electricity,  in  the  construction  of  the 
magnetic  Telegraph.  This  i»  the  most  important 
of  the  uses  which  have  been  made  of  galvanic 
electricity,  and  it  deserves  a  minute  description. 
MdgkOrcU.  The  clectric  telegraph  consists  of  three  parts, 
viz. :  1st,  the  battery,  or  source  of  electric  power ; 
2d,  the  wire  for  the  transmission  of  the  current ;  and  3d,  the 
electro-magnetic  instrument  for  making  the  signals.  1st.  The 
battery.  Any  form  of  the  galvanic  battery  may  be  employed ; 
but  the  most  common  form  is  Daniell's  constant  battery.  Two 
batteries  are  required  in  order  to  establish  telegraphic  commu- 

Peraribe  the  maglo  drde.— 406.  What  li  the  magoetlc  telegraph? 
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•  nication  m  both  directions  between  two  places,  one  at  each-end  <f 
the  line.  2d.  The  wire.  There  must  be  a. wire  extending  be- 
tween the  two  places,  in  order  to  convey  the  current.  This  wire  is 
connected  with  either  pole  of  the  battery,  and  is  tlien  caprlejl 
U|)on  posts,  15  or  20  feet  in  height,  to  the  dist^t  place.  It  is 
u^^ually  made  of  copper  or  iron,  and  is  attached  to  the  posts  b^ 
some  non-conducting  substance.      Sometimes   it  is  in&ulatcjd 

.  by  a  suitable  covering  and  buried  in  the  ground,  hut  it  is  prefer- 
able to  carry  it  through  the  air,  on  account  of  the  facility  with 
which  breaks  may  be  discovered  and  repaired.  When  it  reach^ 
the  distant  place,  it  is  connected  with  an  elec^ro^magnet,  whic^ 
tlien  becomes  part  of  the  line,  and  on  leaving  the  electro-mag- 
net, is  conveyed  to  a  large  iron  plate,  buned  in  a  moist  sp^t 
in  the  ground,  and  there  terminates.  The  electrical  current, 
starting  from  the  positive  ,pole  of  the  battery,  traverses  the 
wire  to  the  distant  place,  circulates  around  the  electro-magn«^ 
then  passes  to  the  iron  plate,  and  thence  through  the  earth,  bade 
to  the  negative  pole  of  the  battery,  and  thus  the  circuit  is  made 
complete.  It  was  at  first  supposed  that  a  second  wire  was  re- 
qu'red  to  bring  the  current  back  from  the  distant  point,  afWr  it 
had  passed  through  the  electro-magnet,  in  order  that  a  connec- 
tion might  be  formed  with  the  opposite  pole  of  the  battery; 
but  it  was  atlerwards  ascertained  that  the  earth  would  answer 

.  as  well  aa  a  second  metallic  wire,  the  great  extent  of  conducting 

.  area  which  it  exposes  compensating,  for  its  feeble  conducting 
power.  In  this  manner  a  current  is  made  to  pass  to  any  distant 
town,  and  to  excite  magnetism  in  an  electro-niagnet  as  soon  as 
the  wire  is  connected  with  either  pole  of  the  galvanic  bat- 
tery ;  and  then  when  the  connection  with  the  battery  is  broken, 
this  current  can  be  made  tocea-^e,  and  the  electro-f[iagnet  at  the 

.  distant  place  de-magnetized.  By  this  arrangement  it  is  evident 
that  a  magnet  can  be  made  and  immade  at  any  place,' however 
distant,  by  simply,  making  or  breaking. ihe  connection  between 
the  wire  and  the  battery.  3d.  The  instrument.  .  Having  now  the 
means  of  creating  .a  m^tgnet  at  the  point  with  which,  we  wisli  to 

.  communicate,  we  have  the  means  of  producing  motion,  and  giv- 

.  i:>g  signals.  Two  mstrunients  are  required,  one  at  each  end  of 
the  line,  for  the  purpose  of  receiving  messages  from  both  direc- 

■  tions,  constructed  on  the  following  plan.  Let  an  armature,  con- 
sisting of  a  piece  of  soft  iron,  be  suspended  from  one  end  of  a 

What  are  the  three  emential  part^  of  the  telegraph  ?  How  many  batteries  are  required  ? 
'How  many  wires ?  How  does  the  eleotrlf al  current  return  ftw^i  tlie  dL* tant  v -^e  7  V,xw 
many  inatrumenta  ara  Yeqjaixvd » 
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lever,  about  one-tenth  of  an  inch  al>ove  the  poles  of  an  electro- 
magnet, placed  firnily  upon  a  pedestal,  and  with  its  two  arms 
projecting  upwards,  in  the  manner  of  the  letter  U.  It  is  obvi- 
ous that,  when  the  current  is  circulating,  this  armature  will  be 
drawn  to  the  magnet,  and  that  the  opposite  end  of  the  lever 
will  be  correspondingly  elevated.  If  a  steel  point  be  at- 
tached to  the  upper  side  of  the  distant  end  of  the  lever,  and  a 
piece  of  paper  be  fastened  firmly  within  one-tenth  of  an  inch 
of  it,  a  dot  will  be  made  upon  the  paper  whenever  the  arma- 
ature  is  drawn  doNvn,  and  the  steel  point  flies  up.  When 
the  comiection  with  the  battery  is  broken  by  the  operator,  at  the 
place  from  which  the  message  is  transmitted,  the  armature  is 
released,  and  the  distant  end  of  the  lever  falls.  As  soon  as  the 
connection  is  formed  again,  the  steel  point  again  flies  up  and 
strikes  the  paper  a  second  time.  If  the  paper,  instead  of  being 
stationary,  is  in  motion,  and  carried  steadily  along  upon  a  ro  ler, 
the  second  dot  will  not  coincide  with  the  first,  and  if  the  si  eel 
point  be  pressed  for  some  minutes  against  it,  a  long  mark  will 
be  formed.  Thus  the  operator  at  the  other  end  of  ihe  line  has 
the  means  of  impressing  dots^  and  broken  or  continuous  lines, 
upon  paper,  at  the  place  to  which  the  message  is  to  be  sent,  each 
one  of  which  may  be  made  to  represent  a  letter,  and  their  com- 
binations, words  and  sentences.  The  return  mes  age  requires 
a  similar  arrangement ;  first,  there  must  be  a  battery ;  for  the 
wire,  the  original  wire  may  be  employed,  disconnected  from  the 
electro-magnet  just  employi^d,  and  connected  with  the  positive 
pole  of  the  battery  at  that  end  of  the  line ;  then  there  mu  4  be 
an  eleetro-magnet  at  the  first  place,  which  must  be  connected 
with  the  line  on  the  one  hand,  and  on  the  other,  with  an  iron 
plate,  buried  in  the  ground.  The  operator  to  whom  the  original 
message  was  sent,  must  have  the  means  of  sending  an  electrical 
current  back  to  the  electro-magnet  at  the  first  place,  and  then  es- 
tablishing a  connection  between  it  and  the  ground,  so  that  it  may 
return  to  him  through  the  earth,  and  he  replies  by  making  and 
breaking  the  connection  between  the  wire  and  the  battery  under 
his  control.  Thus  the  electrical  current  is  made  to  pass  to  the 
first  pUue,  there  impress  dots  and  lines  on  paper,  in  the  manner 
already  described,  then  descend  to  the  iron^ plate,  and  so  return 
through  the  earth  to  the  opposite  pole  of  the  second  batterv. 
This  is  an  outline  of  the  system  known  as  Morse's  telegraph. 
A  sketch  of  it  is  given  in  Fig,  198;  c,  z,  represents  the  bat- 


Xsplain  ttie  prindpto  on  which  tbef  ftn  copatructwl. 
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Fig.  198. 


Cim-ent  passing  through  the  Earth. 

tery ;  n  and  />,  the  iron  plates ;  the  arrows,  the  course  of  the 
current  There  are  other  systems,  but  the  principle  is  the 
same  in  all,  the  chief  difference  consisting  in  the  arrangement 
of  the  electro-magnetic  instrument. 

4C7.   Biorse's  aiectro-Mairn^dndicator.    In/V^.  199,  is 
given  an  exact  representation  of  the  instrument  used  for  mak- 

Fig.  199. 


Morse's  Tthgraphic  Indicator. 

ing  the  signal^.  F  e  represents  the  electro-magnet  which  is  made 
and  unmade  by  forminor  and  breaking  the  electrical  connect 'on 
at  the  opposite  end  of  the  telegraphic  line.  The  connection 
between  the  instrument  and  the  main  wire  is  formed  at  the  points 

KxpUiD  Fig.  198.-407.  Dewribe  Morw'0  indicator. 
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a  and  h;  a  h  connected  with  the  wire  bringing  the  message,  h 
with  the  iron  plate  buried  in  the  ground.  D  is  a  piece  of  soft 
iron,  which  is  drawn  down  upon  the  poles  of  the  magnet  when- 
ever the  circuit  is  completed,  and  is  raised  again,  whenever  the 
current  is  broken,  by  the  spring  r  attached  to  the  opposite  end 
of  the  lever  a  ;  9n,  m,  are  two  screws  for  regulating  the  play 
of  this  lever.  At  the  extreme  end  of  a,  is  a  sharpened  point 
which,  when  D  is  drawn  down  by  the  completion  of  the  circuit, 
strikes  against  the  baud  of  paper  upon  the  under  side  of  the 
roller,  h.  This  band  of  paper  is  contmually  moved  forward  by 
means  of  clock  work  carried  by  the  weight,  p.  If  the  electrical 
circuit  be  formed,  and  then  instantaneously  broken  by  the  ope- 
rator at  the  station  from  which  the  message  is  sent,  the  sharp 
point  merely  strikes  the  paper,  and  is  immediately  withdrawn 
by  the  spring,  r,  leaving  only  a  dot  behind  it ;  but  if  the  ciix^uit 
be  maintained  for  an  appreciable  interval,  the  point,  remaining 
longer  in  contact  with  the  paper,  leaves  a  line  or  mark  behind 
it.  Tiius  a  long  continuous,  or  broken  line,  may  be  produced, 
or  a  succession  of  dots ;  and  a  set  of  different  signals  constructed, 
corresponding  with  the  letters  of  the  alphabet.  B  is  a  roller, 
around  which  the  band  of  paper  is^wound.  With  this  instru- 
ment it  is  necessary  to  translate  the  signals  tljat  are  formed  into 
the  letters  which  they  represent;  but  instruments  of  a  much 
mare  complicated  character  have  been  constructed,  in  which  the 
message  is  recorded  in  printed  letters.  The  instrument  for  ac- 
complishing this,  was  invented  by  Mr.  House,  and  is  a  wonder- 
^Ily  ingenious  piece  of  mechanism.  Mr.  Bain  has  invented  a 
telegraphic  system,  in  which  no  electro-magnet  is  used,  but  only 
the  chemical  influence  of  the  current  operating  upon  paper  pre* 
pared  with  cyanide  of  potass! um* 

408.  "tf  he  Tdle^rmphic  SSan^nlator  and  Kone's  Alphabet, 
The  instrument  by  which  the  message  is  transmitted  to  the  distant 
place,  is  called  the  Manipulator.  Jt  consists  of  a  wooden  stand, 
I7g.  200,  upon  which  is  a  metallic  lever,  a,  b,  turning  upon'  a 
horizontal  axis ;  l  is  a  wire  communicating  with  the  line ;  B,  a 
wire  forming  a  connection  with  the  local  battery;  and  A, 
a  wire  connected  with  the  iron  plate  in  the  ground.  At  ar, 
there  is  a  spring,  by  which  the  lever  is  raised  and  preventei 
from  touching  the  metallic  button  under  it ;  and  so  long  as  this 
is  the  case,  there  is  no  connection  between  the  local  battery  and 
the  line,  and  consequently  no  flow  of  the  current  to  the  distant 
place ;  but  there  b  a  connection  with  the  local  indicator,  and, 

408'  Deaeribe  Moneys  manipulator  and  alphabet. 
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morse's  alphabet. 


J%e  Telegtapkie  Manipulator. 


Fig.  200.  throngh  it, 

with  the  Ihie 
and  the  dis- 
tant batteiy 
on  the  ore 
hand,  and 
with  the  iron 
plate,  or  the 
- -_  grovind,  on 
~n \-  '  tlie  other,  so 

that   the   in- 
strument,   in 

this  state,  is  always  in  a  suitable  condition  for  receiving  a  mes- 
sage. When  it  is  desired  to  transmit  a  message,  pressure  is 
applied  to  the  wooden  knob,  and  the  lever  brought  down  upon 
the  metallic  button  connected  with  the  local  battery,  B,  when  a 
current  immediately  circulates  through  the  point  ar,  into  the 
lever,  then  through  m,  into  the  line,  and  continues  as  long  ns 
pressure  is  applied  upon  the  knob.  Thus,  by  the  depression 
and  elevation  of  the  knob,  k,  a  succession  of  dots  and  broken 
lines  may  be  impressed  upon  paper  in  the  Indicator  at  the  other 
end  of  the  line,  and  it  is  only  necessary  to  give  these  combina- 
tions a  definite  meaning.  The  alphabet  adopted  by  Morse  is 
represented  in  the  following  table. 


A 



J 



s 

... 

B 

—  ... 

K 

— . 

T 

-_ 

0 

.  .    . 

L 

U 

.  ._ 

D 

—  .  . 

M 

— _ 

V 

.  .._ 

B 

. 

N 

. 

W 

. 

P 

.  —  . 

0 

.  . 

X 

.  — .  . 

G 

. 

P 

Y 

-.    .. 

H 

.... 

a 

. .  _. 

Z 

...    . 

I 

-- 

R 

.  -- 

& 

.    ... 

In  this  manner  words  and  sentences  can  be  arranged,  care 
being  taken  to  leave  a  space  between  each  letter.  During  the 
process  of  transmission  a  continual  clicking  proceeds  from  the 
armature  of  the  Indicator  where  the  message  is  received,  and 
so  clear  and  definite  are  these  sounds  to  the  practised  ear,  that 
the  message  can  be  interpreted  by  these  sounds  alone,  without 
having  recourse  to  the  paper,  and  in  many  telegraph  offices  no 
other  Indicator  is  employed  than* an  electro-magnet,  and  movable 
armature,  the  pen  and  paper  being  dispensed  with.  The  same 
manipulator,  when  not  used  to  tnmsmit  messages,  is  employed 
for  their  reception;  the  current  from  the  distant  place  enters  bj 
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the  wire,  l,  passes  through  wi,  to  the  metallic  lever,  thence 
through  6,  to  the  wire  A,  and  by  it  is  transmitted  to  the  Indicator. 
409.  The  Relay*  In  describing  the  Indicator,  we  have 
supposed  that  the  current,  after  traversing  the  line,  entered  di- 
rectly into  the  electro-magnet,  and  woi'ked  the  armature ;  but 
whea  the  current  has  proceeded  a  few  miles,  it  can  notact  with 
sufficient  force  upon  the  electro-magnet  to  communicate  the 
me:»sage.  It  can  only  be  used  to  establish  a  communication 
between  a  fresh  battery  at  the  place  where  the  message  is  sent, 
and  the  Indicator.  The  current  then,  instead  of  entering  direct- 
ly into  the  Indicator,  is  carried  into  another  instrument,  called 
the  Relay,  Fig.  201,  enters  the  electro-magnet,  e,  through  the 

Fig.  201. 


The  Teltgrapkie  Rday. 


binding  screw,  l,  and  after  traversing  the  coils,  descend?  into 
the  earth  by  the  binding  screw,  t,  and  returns  back  to  the 
battery  from  which  it  started.  Each  time  that  a  current 
posses  over  the  line,  and  traverses  the  electro-magnet,  e,  it  at- 
trat'ts  an  armature.  A,  which  is  suspended  from  a  horizontal 
axis,  and  is  extended  up  into  a  vertical  rod,  p.  Whenever 
the  armature,  a,  is  drawn  towards  the  electro-magnet,  it  drives 
the  lever,  p^  in  the  opposite  direction,  against  a  button,  n;  as 
soon  as  p  touches  n,  a  powerful  current  from  the  positive  pole 
of  a  fresh  battery  placed  beneath  the  table,  and  not  seen  in 
the  figure,  enters  at  <?,  passes  up  the  pillar,  iw,  to  w,  then  down 
/?,  to  o,  and  from  that  to  the  binding  cup,  sr,  whence  it  flows 

400.  Describe  the  conntrucUon  and  unen  of  the  Kelay.— 209.»  Detirrihe  the  arrange- 
ment of  the  Hne,  wHh  itn  bctterlBi  and  instrnoienta.  Describe  the  extemdon  of  Tel«- 
gxftphioc 
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to  the  electro-magnet  of  the  Indicator,  where  it  records  the  mes- 
sage in  the  usual  manner,  and  thence  returns  to  the  negative 
pole  of  the  supplemental  battery.  Thus,  whenever  the  electro- 
magnet of  the  Relay  is  excited,  however  feebly,  by  the  current  of 
the  line,  the  electro -magnet  of  the  Indicator  is  also  excited  for 
the  same  length  of  time,  by  the  current  of  the  fresh  battery, 
and  all  the  feeble  signals  of  the  first  electro-magnet  are  power- 
fully repeated  by  the  second,  and  with  sufficient  force  to  transmit 
the  message.  As  soon  as  the  electro-magnet,  e,  ceases  to  act, 
the  armature,  A,  is  released,  the  spring,  r,  draws  p  away  from 
n,  and  the  current  of  the  second  battery  ceases  to  circulate 
through  the  electro -magnet  of  the  Indicator.  With  a  battery  of 
25  of  Grove's  elements,  the  current  is  strong  enough  at  100 
miles  from  its  starting  point  to  excite  the  electro-magnet  of  the 
Relay,  and  bring  into  operation  the  second  battery,  by  which  the 
Indicator  is  set  in  motion,  and  the  message  recorded.  For  a 
lo  ger  distance,  a  new  current  must  be  thrown  into  the  line. 
This  new  current  may  be  introduced  at  any  station,  from  a 
battery  of  20  or  30  elements,  provided  for  the  purpose,  by  con- 
necting the  wire  from  its  positive  pole  with  a  metallic  pillar 
placed  immediately  below  the  armature,  d,  Fig,  199,  but  not 
touching  it,  except  when  the  armature  is  drawn  down ;  when 
this  takes  place,  the  current  enters  the  armature,  and  passes 
directly  from  it  to  the  wire  of  the  line,  which  carries  it  on  to 
the  following  post.  Thus,  with  every  signal  which  is  formed  by 
the  Indicator,  a  corresponding  amount  of  electricity,  of  greater 
strength,  from  a  fresh  battery,  is  eent  down  the  line,  and  fo 
the  despatch  is  transmitted  from  post  to  post  The  battery 
used  for  this  purpose  is  distinct  from  that  used  in  connection 
with  the  Relay  just  described.  The  use  of  local  batteries,  and 
the  restoration  of  the  strength  of  the  main  current  by  supple- 
mental batteries,  seems  to  be  due  to  Prof.  Henry  of  the  Smith- 
sonian Institute.  As  messages  are  now  genei-ally  interpreted 
by  sound  alone,  the  telegraphic  Indicator,  Fig,  199,  is  seldom 
employed  except  in  small  offices,  and  in  place  of  it  a  simple 
electio-magnet  with  movable  armature  is  substituted,  arranged 
in  such  a  manner  as  to  intensify  the  sounds,  and  called  the 
Sounder ;  this  instrument  is  connected  with  the  Relay  in  the 
same  manner  as  the  Indicator,  by  which  its  connection  with 
the  lo  'al  battery  is  established,  as  already  described. 

409.*  The  Telagraph  line  a  Oloied  Circuit.  The  Measag* 
MBt  by  Breakinir  the  Oircnit.  The  telegraph  wire  and  the 
earth,  together  form  an  immense  electrical  circuit,  having  a 
poMrerful  galvanic  battery  included  in  it.    One  battery  may  be 
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used  to  actuate  the  circuit,  which  may  be  placed  at  either  end 
of  the  line,  or  at  any  intermediate  point ;  or  several  batteries 
may  be  introduced  at  different  points,  care  only  being  taken 
that  poles  of  the  same  kind  point  in  the  same  direction.  An 
Indicator  is  required  at  each  station,  for  the  purpose  of  receiv- 
ing messages,  whose  coils  are  directly  connected  with  the  line, 
and  form  a  part  of  it.  The  telegraphic  line,  therefore,  with  its 
batteries  and  instruments,  when  in  working  order  and  prepared 
to  transmit  messages,  constitutes  a  closed  circuit,  through  the 
whole  of  which  the  electrical  current  is  freely  circulating,  with 
the  .electro-ma iuets  all  actuated  and  their  armatures  drawn 
down  tightly  upon  their  poles.  In  order  to  send  a  message,  the 
operator  commences  with  breaking  this  circuit  by  applying 
pi'es'iure  to  his  manipulator:  this  breaks  the  circuit  in  every 
instrument,  and  releases  the  armatures  throughout  the  entire 
line :  he  then  completes  the  circuit  for  a  longer  or  shorter  time, 
by  removing  the  pressure  from  his  manipulator,  and  thereby 
re-attracting  the  armature  of  his  Indicator,  an  effect  which  is 
al«o  repeated  in  every  instrument  upon  the  whole  line :  in  this 
manner  he  produces  a  telegraphic  letter,  and  by  a  succession  of 
sim'lar  operations  forms  words  and  sentences,  which  are  of  ne- 
cessity repeated  in  .every  instrument,  unless  the  line  is  purpo^e^ 
broken  and  the  current  sent  back  through  the  earth  at  some 
nearer  point.  The  Morse  system  is  almost  universally  used  in 
the  United  States,  and  more  extensively  in  Europe  than  any 
other.  In  England,  Cooke  and  Wheatstone's  single  or  doublp- 
needle  telegraph  is  commonly  employed.  The  ordinary  rate  of 
transmis:^ion  upon  the  Morse  instrument  is  abotit  1,000  words 
an  hour,  although  it  can  be  worked  as  high  as  2,700 :  upon  the 
Needle  inUrument  it  is  about  900.  No  electric  telegraph  cojid 
be  put  iu'o  actual  operation  without  the  use  of  constant  batte- 
ries :  the.-»eare  of  comparatively  late  invention,  that  of  Daniell's 
not  dating  farther  back  than  1836,  and  Grove's  about  a  year 
later.  All  previous  batteries  attained  their  maximum  intensity 
in  5  or  10  minutes,  and  were  altogether  unable  to  maintain  a 
steady  current,  continuing  unchanged  for  hours  and  days.  This 
affords  an  excellent  illustration  of  the  gradual  steps  by  which 
great  inventions  attain  perfection.  In  the  thirty  years  that  have 
elapsed  since  that  period,  the  telegraph  has  been  carried  from 
the  mo  t  eastern  extremity  of  Asia,  across  Europe  to  the 
mo*t  western  extremity  of  America,  and  at  no  distant  day  will 
completely  encircle  the  globe. 

410.  The  TrammiMion  of  VUmzgen,     If  there  are  inter- 
mediate stations,  the  telegraphic  current,  in  passing  from  one 
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extremity  of  the  line  to  the  other,  circulates  through  the  instru- 
ments of  all  the  stations,  and  every  message  is  repeated  simul- 
taneously by  every  Sounder,  even  by  those  which  are  far  in 
advance  of  the  station  to  which  the  messiige  is  sent.  When 
a  message  is  to  be  transmitted  from  one  end  of  the  line  to  the 
other,  or  to  an  intermediate  station,  the  operator  first  signals 
that  station  by  sounding  several  times  in  rapid  succession  the 
first  letter  of  its  name,  as  s,  for  Springfield,  rfj  for  Boston,  in 
order  to  call  attention.  This  signal  is  repeated  at  every  station 
down  the  whole  line,  to  the  most  distant  extremity,  but  it  re- 
ceives no  notice  except  at  the  place  to  which  it  is  sent.  The 
operator  at  this  point  responds,  to  show  that  he  is  in  readiness, 
and  the  message  is  then  transmitted.  No  message  i^  ever  sent, 
until  the  operator  at  the  proper  station  has  been  summoned. 
The  reply  is  transmitted  by  means  of  a  Manipulator,  as  already 
described,  and  this  reply  is  also  repeated  by  every  Sounder  on 
the  line,  both  behind  as  well  as  in  advance  of  the  station  from 
whicli  it  started,  but  receives  no  attention  except  irom  the  oper- 
ator who  has  been  summoned.  In  consequence  of  this  repetition 
of  messages  in  every  instrument,  it  is  easy  to  transmit  news  to 
many  points  on  the  same  line  simultaneously.  The  news  from 
New  York  City  for  the  morning  newspapers  in  New  England, 
is  transmitted  simultaneously  to  all,  by  one  operator  at  New 
York.  The  first  thing  done,  is  to  call  up  the  operators  at  the 
different  points,  by  striking  the  signals  appropriate  to  each  place 
in  succession,  and  when  it  has  been  ascertained  by  a  reply 
that  each  Is  at  his  post,  the  news  is  transmitted.  If  it  be  de- 
sired, however,  the  opemtor  who  is  summoned  at  any  station 
can  prevent  messages  from  going  further,  by  breaking  connec- 
tion with  the  line  beyond  him,  and  replying  by  his  own  battery 
and  local  ground  connection.  By  a  recent  improvement  the 
same  wire  can  he  used  to  transmit  messages  in  opposite  direc- 
tions, at  the  same  moment. 

411.  Teleiriraphic  Datteries.  Several  new  batteries  have 
been  constructed  within  a  few  years,  which  are  now  occasionally 
employed  for  telegraphic  purposes  instead  of  the  batteries 
already  described.  The  most  important  are  the  sulphate  of 
Mercury  battery,  Caillaud's  battery,  and  the  Sand  battery. 

The  sulphate  of  Mercury  battery,  Ftff.  202,  No.  1,  is  gener- 
ally arranged  like  Bunsen's  battery,  but  the  dimensions  are 
less.     In  the  outside  cup,  in  place  of  water  acidulated  with 

119   IS^'^yj*  *•  transminnlon  of  tnesmges  simuTtaiiMiudy  to  diflereot  utettons. 
411.  DMcribe  Ui«  new  Tclegniphlc  batteries :  The  Salphate  of  Mercmj  UtUiy. 
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Tie  Sulphate  of 
Mtnarif  Bcuury, 


8ulp^uiric  acid;  pure  water  is  a^ed  or  else  water  containing  com^ 
men  salt— chloride  of  sodium — ^in  solution ;  in  the  porous  cup,  in 
place  of  nitric  acid,  a  solution  of  the  sulphate  of  mercury  is 
employed.  This  salt  not  being  very  soluble  is  mixed  with 
three  times  its  weight  of  water ;  the  water  is  then  decanted 
and  a  pasty  residue  left:  the  zinc  plates,  z,  and  the  carbon 
cylindere,  c,  having  been  put  into  their  places,  the  porous  cup3 
are  then  filled  with  this  residuum,  and  afterwards  the  decanted 
liqiid  is  poured  in.  The  action  of  the  battery  is  extremely 
s'mple :  the  water  in  the  outer  cell  being  decomposed,  the  oxy- 
gen unites  with  the  zinc  plate,  the  hydrogen  penetrates  into 
the  po:o  is  cup,  and  da-oxidises  the  oxide  of  mercury,  setting 
free  metallic  mercury  and  sulphuric  acid ;  the  former  settles  at 
the  botrom  of  the  porous  cup,  the  latter  passes  throu2:h  it,  and 
unites  with  the  oxide  of  zinc  in  the  outer  cup  to  form  sulphate 
of  zinc.  The  mercury  may  be  collected  and  used  to  prepare 
a  fresh  quantity  of  sulphate,  equal  in  amount  to  that  which 
has  been  decomposed.  This  battery  is  soon  exhausted  when 
used  continuously,  but  it  can  operate  during  three  or  four 
months  ?o  as  to  furnish  interrupted  currents  like  those  which 
are  used  for  telegraphic  commun'cntion. 

419.  OaiUand's  Battery  This  battery  dispenses  with  por- 
ous cups  and  secures  the  separation  of  the  two  liquids  which  are 
required,  by  the  difference  in  their  density,  assisted  by  the  action 
of  the  current.     At  the  bottom  of  the  outside  cup,  v.  Fig,  202» 


412.  DtKriU  CaUlaad'i  Uttery. 
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No.  2,  a  copper  plate  c,  is  deposited,  to  which  is  soldered  a 
copper  wire,  insolated  by  means  of  a  covering  of  gutta-percha,  u 
On  the  top  of  this  plate  is  placed  a  layer  of  crystals  of  sulphate 
of  copper.  The  remainder  of  the  vessel  is  then  filled  with 
pure  water ;  a  cylinder  of  zinc,  z,  is  then  introduced,  and  so 
placed  as  not  to  touch  the  sulphate  of  cojtper.  Thus  the  lower 
part  of  the  liquid  becomes  saturated  with  sulphate  of  copper, 
while  the  upper  part  remains  pure,  the  two  liquids  being  pre- 
vented from  mingling  by  a  diflference  in  density,  and  also  by 
the  passage  of  the  current  The  theory  of  this  battery  is  the 
same  as  that  of  Daniell,  §344 :  the  water  surrounding  the  zinc  ' 
plate  is  decomposed,  the  oxygen  unites  with  the  zinc,  the  hydro- 
gen passes  into  the  sulphate  of  copper  solution,  and  de-oxi- 
dises the  oxide  of  copper  which  it  contains,  setting  free  metallic 
copper  and  sulphuric  acid :  the  former  attaches  it- elf  to  the  cop- 
per plate,  the  latter  moves  towards  the  zinc  plate  and  unites 
wiih  the  oxide  of  zinc  to  form  sulphate  of  zinc :  the  direct ioa 
of  the  current  is  from  z  to  c.  1  his  battery  is  extremely  eco* 
nomicaU  and  will  furnish  a  steady  current  tor  several  months : 
a  little  water  must  be  added  from  time  to  time  to  replace  that 
lost  by  evaporation. 

413.  The  Band  Battery.  In  this  batteiy,  which  is  ar» 
ranged  upon  the  same  plan  as  the  last,  Sand  is  employed  in 
order  to  render  the  separat'on  of  the  liquids  more  complete. 
The  sulphate  of  copper  broken  into  coarse  powder,  is  intro- 
duced first,  forming  a  layer  from  a  to  b,  Fig,  202,  No.  3 :  above 
it  is  placed  the  copper  plate  c,  with  its  insulated  wire  i^  on  the 
top  of  this,  a  layer  of  sand,  from  6  to  c :  then  the  zinc  plate,  z, 
and  the  remainder  is  filled  with  pure  water.  Sometimes,  the 
sulphate  of  copper  in  crystals  is  placed  on  the  top  of  the  copper 
plate,  and  the  sand  immediately  above  it  These  new  batteries, 
however,  have  not  superseded  the  batteries  of  Daniell,  or 
Grove,  for  ordinary  telegraphic  o^e. 

4I4>  The  Barth  ai  a  part  of  the  Telegraphie  drodt. 
One  of  the  most  remarkable  facts  connected  with  the  working 
of  the  telegraph,  is  the  extreme  facility  with  which  the  Earth 
conducts  the  electrical  current  It  had  been  shown  by  Wat? on, 
in  the  last  century,  that  a  Leyden  jar  could  be  discharged 
through  a  circuit  one-half  of  which  consisted  of  moist  earth,  but 
^Steinheil  was  the  fir^t  to  employ  the  earth  to  act  the  part 
of  a  conducting  wire  in  a  telegraphic  circuit     t'V'hile  engaged 
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Describe  the  Sand  bAtteir.— 414.  Wh«t  Is  Mid  in  regard  to  the  eacth  M  a  pact 
telegraphic  olrcuit  ?    Who  dlaoovered  this  lact ! 

Digitized  by  VjOOQIC 


,  A  PART   OP  THB  899 

in  1837,  upon  the  railroad  from  Nuremburg  to  Fnrtk  in  ex- 
periments with  a  view  to  realize  a  hint  thrown  out  by  Gau^s, 
that  the  two  rails  of  a  railway  might  be  employed  as  conductors 
of  the  telegraphic  current  instead  of  wires,  and  finding  it  im- 
possible to  obtain  an  insulation  sufficiently  perfect  lor  the 
current  to  reach  from  one  station  to  another,  he  was  led  to 
notice  the  great  conducting  power  of  the  earth,  and  to  conjec- 
ture that  it  might  be  employed  as  a  conductor  in  place  of  one 
of  the  telegraphic  wires.  His  experiments  were  crowned  with 
success,  and  he  then  introduced  into  telegraphy  one  of  its 
greatest  improvements,  both  in  regard  to  economy  from  the  sup- 
pression of  one  wire,  and  greatly  increased  feciUty  in  the  con- 
struction of  long  lines.  The  two  extremities  of  his  telegraphic 
lines  constructed  at  Munich  in  1839,  were  attached  to  two 
copper  plates,  which  were  buried  in  the  earth,  and  he  attrib- 
uted the  transmission  of  the  current  to  the  direct  conduction  of 
the  earth. 

In  1841  it  was  proved,  by  Wheatstone  and  Cooke  in  En;^- 
land,  that  the  earth  may  be  employed  to  rephice  one-half  the 
conducting  wire,  and  be  used  for  the  return  circuit;  indeed 
they  found  that  the  same  battery  would  work  to  a  much  greater 
distance,  with  a  circuit  half  wire  and  half  ear  h,  than  when  al- 
tog3ther  wire.  It  was  noticed  by  Bain  in  1841,  tliat  when  a 
plate  of  copper  was  buried  in  moist  earth,  and  connected  by  a 
wire  passing  through  a  galvanometer  with  a  similar  piate  of 
zinc  also  buried  in  the  earth  at  so.ne  distance  fron  it,  that  a 
current  of  considerable  intensity  was  generated  by  the  ac'ion 
of  the  zinc  on  the  moist  earth ;  and  on  increasing  the  size  of  the 
plates,  not  only  were  powerful  electro-magnetic  effects  obtained, 
but  also  electro-type  deposits,  even  when  the  plates  were  moro 
than  a  mile  apart.  The  battery  thus  formed  continued  to  wo  k 
for  a  great  length  of  time. 

In  1844,  Matteucci  caused  the  current  from  a  single  Bun- 
sen's  element  to  circulate  through  a  copper  wire  9,281  feet  in 
length,  and  through  a  portion  of  moist  earth  of  the  same  ex- 
tent, for  the  sake  of  comparison.  It  was  found  that  tbe  earth 
conducted  so  much  better  than  the  wire  tliat  its  resistance  must 
be  regarded  as  nothing,  and  that  the  resistance  of  copper  wire 
entering  into  the  earth  circuit,  was  less  than  that  offered  by 
the  same  wire  when  it  entered  alone  into  the  circuit.  It  was 
ascer:ained  by  Bi'^guet,  on  the  telegraph  line  between   Paris 

How  WHS  it  di9coTen*d?  What  did  Bain  dtaooTer?  Mattouoci?  Why  St  Um  ooa* 
ducUon  of  the  earth  of  great  importanoo  in  telegraphy  ? 
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and  Rouen,  that  when  the  current  traversed  a  circuit  haJT 
metal  and  half  earth,  the  intensi:y  was  twice  as  great  as  when 
the  circuit  was  tnetallic  throughout — that  i.-*,  a  ciicuit  40  miles 
earth  and  40  mi!e3  wire,  presented  no  more  resistance  than  a 
circuit  of  40  miles  wire,  the  earth  in  fact  offering  no  resist- 
ance at  all. 

This  13  a  fact  of  the  greatest  importance,  as  it  not  onlj 
permits  the  economy  of  a  one  line  wire,  but  a'so  renders  the  cur- 
rent twice  as  strong  as  it  would  be  if  returned  by  a  Fccond 
metallic  wire.  Two  explanations  have  been  given  of  this 
non-resistance  of  the  earth ;  one,  that  as  the  conducting  power 
increases  in  proportion  to  the  area  of  a  section  of  the  conductor, 
the  earth  acting  as  a  conductor  with  an  infinite  area,  oflfers  a 
smaller  amount  of  resistance  than  the  metallic  part  of  the  cir- 
cuit ;  the  other,  that  the  earth  acts  as  an  immense  reservoir 
which  ab  orbs  all  the  positive  electricity  pouried  into  it  on  the 
one  side,  and  the  negative  on  ths  other.  According  to  the  first 
theory,  between  two  stations  very  far  apart,  such  as  Wa>hing- 
ton  and  St.  Loui.-^,  there  must  be  a  process  of  polarization  like 
that  described  in  §333,  Figs,  13&,  140,  and  a  series  of  decom- 
positions and  recomposilions  of  all  the  intervening  molecules 
of  water,  with  which  the  moist  earth  ii  charged,  §3G5,  Fig,  1 G3 : 
and  the  positive  electricity,  introduced  into  the  groui:d  at  "Wash- 
ington, can  only  be  neutralized  by  the  negative  electricity  of  the 
same  battery,  which  has  gone  by  wire  to  St.  Loui?,  and  ihenie 
back  through  the  earth  by  a  process  of  polarization  and  neu- 
tralization going  on  irom  moleculo  to  molecule,  of  the  interve- 
ning section  of  eaiih. 

According  to  the  secortd  theory,  the  earth,  on  account  of  its 
immense  size,  has  an  unlimited  capacity  for  electricity,  and  by- 
absorbing  all  the  positive  and  negative  electricity  which  is  gen- 
erated by  the  battery,  produces  a  flow  of  the  electric  current  in 
'  the  wire :  or  the  earth  may  be  regarded  as  an  immense  battery, 
producing  electric  currents  that  are  passing  in  different  direc- 
tions, with  some  one  of  which  the  galvanic  current  forms  a 
connection,  making  it  part  of  the  telegraphic  circuit:  thus  the 
comparatively  feeble  current  which  traverses  the  line,  runs  into 
and  is  absorbed  by  the  mighty  current  of  the  subterraneous  bat- 
tery below,  and  is  hurried  on  with  a  greatly  accelerated  velocity. 
Objecuons  may  be  raised  in  reference  to  both  these  theories, 
but  the  former  is  more  in  accordance  with  the  principles  pre- 

dtaui  Uie  two  (hooriw  bjr  wbich  U  b  expUiMd.    Wbieh  to  pntetwir 
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Tiously  laid  down,  in  regard  to  the  necessity  for  the  polarization' 
of  the  entire  circuit  before  the  current  can  be  transmitted.  The 
fiict  that  the  resistance  of  the  earth  to  the  passiige  of  the  tele-' 
graphic  current  is  absolutely  null,  is  certain,  however  difficult 
may  be  its  explanation  ;  and  in  reference  to  its  influence  upon 
the  moral  and  social  welfare  of  men  by  dispensing  with  tlie' 
necessity  of  a  second  return  wire  of  the  same  length  with  the" 
first,  and  thus  greatly  facilitating  the  rapid  extension  of  the  tel- 
graph  over  the  whole  earth,  it  is  one  of  the  itiost  important 
discoveries  of  the  age. 

415.  The  velocity  of  the  TtHegrtL^idc  current.  It  has' 
been  ascertained  by  an  ingenious  apparatus  devised  by  Wheat- 
stone,  that  the  velocity  of  statical  electricity  di^•cha^ged  through 
a  copper  wire  half  a  mile  in  length,  is  288,000  miles  in  a  sec- 
ond, being  greater  than  the  velocity  of  light  in  the  ratio  of 
286  to  192.  In  regard  to  the  velocity  of  voltaic  electricity 
traversing  a  wire,  there  is  some  discrepancy  in  the  results  of 
experiments,  but  they  agree  in  showing  it  to  be  very  great. 
Thus,  according  to 

Prof.  Walker  of  the  U.  S.  Coast  Survey,  it  is  18,780  miles  per  second. 

Mitchell,       28,524  "  "  " 

Fizeau  and  GouneUe,  copper  wire,    ....  112,680  "  "  " 

"       "           "         iron  wire, 62,600  "  **  ** 

Astronomers  of  Greenwich  and  Bnissells,  cop-  J 

per  wire,  of  London  and  Brussells  Telegraph,  2,700  "  "  " 

Astronomers  of  Greenwich  and  Edinburgh, 
copper  wire,  of  London  and  Edinburgh  Tel- 
egraph,       7,600  "  ♦*  «*      } 

Gould, 15,890  **  "  »« 

Prom  the  above  table  it  wouW  appear  that  the  velocity  of  vol- 
taic electricity  is  very  much  less  than  that  of  Ftatical.  It  is 
probably  not  more  than  20,000  or  less  than  12,000  miles  per 
secoid.  Taking  Walker^s  estimate  of  18,780  milc-i  per  second, 
it  would  require  1 J  heconds  for  the  galvanic  current  to  traverse 
a  wire  extending  round  the  earth.  The  transmission  of  tele- 
graphic signals  must  therefore  be  practically  instantaneous. 

416.  The  Snb-marine  Telegraph.  In  the  sub-marine  tele- 
graph, copper  wires,  coated  with  gutta-percha,  are  wound  around 
a  central  rope  of  hemp,  in  such  a  manner  as  to  form  a  compound 
rope,  containing  several  strands  of  conducting  wire ;  the  whole 

415  What  is  the  Telocity  of  statical  electrlcltv  ?  Of  galranfc  electricity  ?  Olv»>  tho 
▼ariotu  reftuItK.  What  1«  the  rate  of  trannniKsion  of  the  telegrapblc  cnrrent?  How 
mnch  time  la  required  for  its  circuUtioa  arouod  the  globe  ?-Had.  Dewrlbe  the  sub- 
mariue  telegraph. 
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is  protected  by  a  flexible  metallic  covering  of  woven  wire,  and 
then  this  is  covered  with  an  exterior  covering  of  gutta-percha, 
or  tarred  hemp.  The  jnetallic  cable  is  coiled  in  tlie  hold  of  a 
steamer,  and  one  end  having  been  made  &st  to  the  shore,  and 
connected  with  a  land  telegraph,  the  rope  is  gradually  paid  out 
over  the  ship's  stern,  as  she  moves  steadily  ibrward,  and  from 
its  weight  sinks  to  the  bottom  of  the  sea.  When  the  opposite 
shore  is  reached,  the  end  of  the  cable  is  landed  and  connected 
with  a  land  telegraph.  In  working  a  telegraphic  line  consisting 
of  wires  covered  with  gutta-percha,  and  sunk  beneath  a  bodj 
of  water,  it  has  been  observed  that  when  the  cable  is  connected 
with  the  battery,  the  signal  is  not  instantaneously  transmitted 
to  the  distant  extremity ;  and  on  the  other  hand,  if  the  connection 
with  the  battery  be  broken,  there  is  not  an  instantaneous  ces<a« 
tion  of  electrical  action  at  the  distant  extremity.  There  is,  iu 
short,  a  retardation,  and  subsequent  prolongation  of  the  electrical 
current  This  b  owing  to  the  action  of  the  cun-ent  upon  the 
gutta-percha  insulator.  The  insulated  wire  constitutes,  in  fact, 
a  Ley  den  jar,  of  which  the  wire  foiTOS  the  inside  surface,  the 
gutta-percha  constitutes  the  containing  vessel ;  the  external  iron 
wire,  or  the  water  of  the  ocean,  forms  the  outside  metallic 
covering.  The  time  lost  at  flr^t,  is  that  which  is  consumed  in 
giving  the  gutta-peixha  its  charge ;  being  a  non-conductor,  its 
particles  are  all  polarized  in  the  manner  represented  in  Figu 
119, 124,  by  the  highly  electrified  wire.  If  the  wire  is  carrying 
a  current  oi positive  electricity,  the  gutta-percha  becomes  highly 
charged  with  a  proportionate  amount  of  negative  electricity,  and 
as  oppor'ite  electricities  attract  each  other,  this  induced  negative 
electricity  reacts  upon  the  positive  electricity  with  which  the 
wire  is  ch<u*ged,  exerts  an  attractive  influence  upon  it,  and  tends 
to  hold  it  fast,  and  to  check  the  flow  of  the  current  in  the  wire. 
If  the  wire  is  carrying  a  current  of  negative  electricity,  the 
effect  is  reversed,  the  gutta-percha  receives  by  induction  a 
charge  of  positive  electricity,  and  an  equal  retardation  is  pro- 
duced in  the  flow  of  the  current  through  the  wire.  On  the 
other  hand,  when  the  connection  with  the  battery  is  broken,  and 
the  current  of  electricity  carried  by  the  wire  is  stopped,  there 
is  a  gradual  cessation  of  the  polarized  state  in  the  gutta-percha, 
and  a  steady  decline  in  the  tension  of  the  induced  charge  which 
it  had  received,  and  this  allows  of  the  gradual  escape  of  the 
electricity,  which  it  had  held  back,  dunng  some  seconds  ailer  the 

Deflcribe  the  ri»Ur<}atk>n  »o4  proloqgattoa  of  (he  electrioftl  cumiK.    Show  hov  th* 
liualatod  wire  constitatae  a  Ley  den  jar. 
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Fig.  203. 


connection  with  the  hatterj  has  ceased.  When  wires,  covered 
with  gutta-percha,  are  suspended  in  the  air,  no  such  polariza* 
tion  takes  place,  on  account  of  the  non-conducting  power  of  the 
air,  which  dois  not  allow  of  the  escape  of  tlie  repelled  ele> 
triclty,  and  the  wire  is  therefore  like  a  Leyden  jar,  wlio^e 
outside  surface  is  not  connected  with  the  earth,  §817. 

417.  The  Atlantic  Telegraph  Cable.  The  Atlantic  Tele- 
graph Cable,  which  was  successfully  laid  in  1866,  is  constructed 
of  a  core  of  7  copper  wires  imbedded  in 
gutta-percha,  and  protected  by'a  twisted 
strand  of  ten  steel  wires  covered  with 
tarred  hemp,  Fig.  203.  The  total 
diameter  of  the  cable  does  not  exceed 
\^Q  inches.  Three  cups  only  of  the 
weakest  possible  form  of  the  galvanic 
battery  are  used,  each  consisting  of  a 
plate  of  copper,  at  the  bottom  of  a  glass 
jar  about  8  inches  in  depth,  filled  in 
with  saw  dust  dampened  with  pure 
water  without  the  u-e  of  any  aciJ,  and 
a  piece  of  zinc  placed  upon  the  top  of 
it,  Fig,  204.  An  iniulaled  wire  is  at- 
tached to  each  copper  plate  leading  to  the  zinc  plate  in  the 

Fig.  SOi. 


v^ 


v^ 


Se^tinn  of  th»  Atlnntie 
TeUgrapk  Cable. 


The  AtkuUie  IVegraph  Battery, 

•"^joining  jar.  A  few  pieces  of  sulphate  of  copper  are  dropped 
ufjon  the  copper  plate  previous  to  covering  it  with  saw  du>t. 
No  Indicator  is  employed  like  that  described  in  §407,  but  in- 
stead of  it  an  extremely  simple  instrument,  called  Thomson's 
Reflecting  Galvanometer,  Fig.  205. 

417.    DeMsrlbo  tbe  Attaatio  eabk,  and  tbe  battery  oied  to  vork  it. 
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Fig.  205. 


Thomson^*  Re/t feting  GalveuMmeUr^ 
tn  uetUm, 


It  consists  of  a  coil  of 
wound  wire,  seen  in  section, 
at  c,  having  a  very  small 
magnet,  m,  suspended  with- 
in it  by  a  single  filament  of 
silk ;   on  the  front  of  this 
magnet  is  fiistened  a  small 
mirror,  n,  and  the  iliagnet 
and  mirror  are  made  to  as- 
sume a   fixed  position,   at 
right  angles  to  the  axis  of 
the  coil  by  the  permanent 
horse-shoe  magnet,  s  N. — 
A  D,  is  a  screen,  at  a  dis- 
tance of  about  26  inches 
from  the  magnet,  having  a 
vertical    slit,   cut    directly 
opposite  to  the  mirror,  n, 
and    bt'hiud     this    slit    is 
placed    a    lamp,   B.     The 
st'i*een  is  graduated  on  each 
Bide  of  the  slit,  each  divis- 
ion being  about  ^th  of  aflf 
inch  in  length :  L  is  a  lens 
by  which  the  light  proceed- 
ing from  the  lamp  is  con- 
centrated upon  the  mirror. 
The  extremities  of  the  coil, 
C,  are  cormected  with  the 
telegraphic  wire  in  such  a 
manner    that   the    current 
may  at  pleasure  be  made  to 
circulate   through    it.     An 
electrical    current,  passing 
through  the  coil,  however 
sligl.t,  tends  to  countc'ract 
the  attractive  influence  of 
the  fixed  magnet,  8  N,  and 
to  turn  the  magnet,  m,  into 
a  position  at   right  angles 
to  its  former  po>ition,  and 
parallel  to  the  axis  of  the 
coil.     As  Ipng^as  tio  tele- 
graphic current  passes 
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jthroagli  the  coil,  the  magnet,  m,  remains  undisturbed  in  its 
iQxed  position,  and  the  light  proceeding  from  tlie  lamp,  b, 
passing  through  the  vertical  slit,  and  falling  upon  the  mirror, 
n,  is  reflected  back  upon  the  same  line  and  returns  through 
the  slit  to  the  lamp,  but  the  instant  the  current  pas:<es,  the  mag- 
net is  made  to  deviate  from  its  fixed  position  either  to  the  right 
or  to  the  l^flt,  and  a  spot  of  light  is  reflected  to  the  right  or  left 
of  the  slit,  and  made  to  fall  upon  the  graduated  scale,  a  d. 
If  the  positive  current  turn  it  to  the  right,  and  throw  the 
reflected  spot  of  light  to  the  right  of  the  vertical  slit,  a  neg- 
ative current  will  lum  it  to  the  left,  and  throw  the  reflected 
spot  to  the  left  of  the  same  sliL  The  telegraphic  operator 
has  the  power  of  transmitting  a  positive  or  negative  current 
at  pleasure,  by  means  of  the  key,  m,  in  Fig.  207 :  when  it  is 
moved  so  as  to  touch  p,  a  positive  current  is  tran^^mitted ; 
when  it  is  moved  so  as  to  touch  n,  a  negative  current  is  trans- 
mitted. Thus  the  spot  of  reflected  light  is  easily  thrown  either 
to  the  right  or  the  left  on  the  graduated  scale,  A  d.  When 
thrown  to  the  right,  a  dot  is  indicated ;  when  thrown  to  the  left,  a 
dash ;  and  from  these  the  characters  of  Morse's  alphabet,  §408 
are  readily  produced.  By  this  very  simple  apparatus,  the  longest 
messages  can  be  sent  from  one  side  of  the  Atlantic  to  the  other. 
The  observer  who  receives  the  message  sits  upon  the  side  of  s  n 
opposite  to  B,  and  with  the  instrument,  is  placed  in  a  dark  room. 
418>  Thomioa^s  Reflecting'  Oahranemeter.  The  actual 
form  of  the  Raflecting  Galvanometer  employed  may  be  seen  in 
Fig.  206  :  w  represents  a  cylindrical  box  containing  the  coil  of 
wire  having  the  magnet  and  mirror  suspended  in  it  by  a  few 
fibres  of  unspun  silk ;  in  the  front  of  the  box  at  the  opening 
of  the  coil,  is  placed  a  small  lens,  I:  the  coil  with  its  con- 
necting wires  is  mounted  upon  a  stand,  and  provided  with 
leveling  screws.  Upon  a  perpendicular  rod  mounted  upon  the 
top  of  this  box,  slides  the  horse-shoe  magnet,  m,  by  which, 
when  brought  down  upon  the  sides  of  the  box,  the  operator  is 
enabled  to  give  a  fixed  position  to  the  internal  magnet  carrying 
the  mirror.  At  r,  is  seen  the  screen,  bearing  the  graduated 
scale ;  at  l,  the  lamp,  placed  behind  the  screen,  and  at  s,  the 
vertical  slit,  through  which  the  light  passes  to  the  lens,  I,  by 
which  it  is  concentrated  upon  the  mirror,  and  from  this  reflected 
upon  the  scale,  R.  As  a  very  slight  angular  deviation  of  the 
magnet  causes  the  spot  of  light  to  traverse  the  whole  scale,  this 

I>cMribe  the  Sig'tal  iiMtraineiit,  Fig.  206.  How  in  the  pttftaage  of  the  current  mani- 
tasted .  How  does  the  reflected  root  of  light  communicate  intelligence?  Why  does  tfaut 
«UerTer  tit  in  ft  duk  lOom?— US.  D«ioiihe  Um  Mtual  toaa  of  the  Signal  initrument. 
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instrument  becomes  an  extremely  delicate  indicator  of  the  pas- 
snge  of  the  current  through  the  cable.  The  ob.'teri'er  sits  behind 
the  box,  w,  in  a  darkened  room.  The  coil,  mirror  and  magnet, 
are  seen  in  section,  separately  on  the  right  of  the  engraving. 

Fig.  206. 


The  Atlantie  Telegiraph  Signal  htstrumeni, 

4^9.  The  actual  ammg-ement  of  the  Cable.  The  actual 
arrangement  of  the  battery  and  cable  is  represented  in  Fig, 
207 :  B  and  b',  represent  the  two  batteries,  and  e,  the  plate 
buried  in  the  ground  on  one  side  of  the  ocean ;  m,  h  the 
key  for  sending  at  pleasure  either  a  positive  or  negative  cur- 
rent ;  A,  the  point  at  which  the  cable  enters  the  sea ;  G,  tho 
signal  galvanometer;  f,  the  p'ate  buried  in  the  earth  on 
the  other  side  of  the  ocean.  The  current  circulates  from  one 
pole  of  the  battery  through  A  to  G,  thence  to  the  plate  f,  and 
from  this  returning  through  the  o?ean  to  the  plate  e,  finally 
reaches  the  opposite  pole  of  the  battery  to  that  from  which  it 
started.  To  use  the  cab'e  advantageously,  a  uniform  current 
of  positive  or  negative  electricity  must  not  be  employed,  but 
the  current  should  be  oflen  reversed;  this  is  accomplished,  in 
t!:e  instrument  above  described,  by  the  constant  alterations  re- 
quired to  produce  the  dots  and  dashes,  as  already  described. 

419.  DMoribe  Om  aotual  amngament  of  the  Cable. 
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Fig.  207 


Iia$umi89i<m  qfthe  curmU  acrou  the  Octan, 


420*  Therataof  traiui- 
mission.  I'he  signal  is 
transmitted  iusrantiy,  but 
a  slight  delay  of  perhaps 
Jthsof  a  second  is  expe- 
rienced in  freeing  the  ca- 
ble. The  rate  of  transmis- 
sion is  fifteen  words  or 
seventy-five  letters  per 
minute,  but  twenty  words 
can  be  sent  quite  easily. 
There  is  no  doubt  that 
with  the  various  land 
lines  free  from  other  du- 
ty, a  d'Spatch  of  twenty 
-words  could  readily  be 
tran^smitted  from  London 
to  New  York,  or  vice 
versa,  in  the  time  requir- 
ed to  write  it  over  four 
or  five  times ;  or  in  other 
words,  it  is  possible  to 
send  it  the  entire  distance 
in  five  minutes,  every 
thing  being  in  readiness 
for  it.  Tiie  difference  of 
time  being  greaily  in  fa- 
vor of  Nhw  York,  des- 
patches often  reach  New 
York  dated  at  a  later  hour 
than  that  at  which  they 
arrive.  The  news  pub- 
lished in  the  New  York 
afternoon  newspapers, 
leaves  London  often  at  3 
p.  M.  of  the  same  day. 
On  one  occasion  a  des- 
patch was  received  at 
New  York  at  about  1 1.30 
p.  M.,  dated  London  the 
following  day.  On  an- 
other o(*casion  a  despatch 
from  Rome  reached  New 
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York  at  8  A.  m.  on  the  day  of  its  date,  wa3  placpd  in  a  Western 
city  at  8  a.  m^  and  the  rt* ply  which  passed  New  York  eastward 
about  11.30  A.  Bi.,  doubtless  reached  Rome  in  the  evening  of 
the  same  day.  On  one  occasion  a  despatch  was  sent  from 
Loudon  to  Washington  in  nine  minutes  and  thirty  seconds,  and 
was  received  in  Washington  four  hours  ^fty^ight  minutes  and 
thirty  seconds  in  advance  of  the  hour  of  its  leaving  London. 
On  the  morning  of  Feb.  1st,  1868,  the  wires  of  the  Western 
Union  Telegraph  Company  from  San  Francisco  to  Plaisfer  Cove, 
Cape  Breton,  and  the  wires  of  the  New  York,  Newfoundland, 
and  London  Telegraph  Company  from  Plaister,  Cove  to  Heart's 
Content,  were  connected,  and  a  brisk  conver^^ation  commenced 
between  these  two  continental  extremes.  Compliments  were 
then  exchanged  betwen  San  Francisco  and  Valentia,  Ireland, 
when  the  latter  announced  that  a  message  was  just  then  being 
received  from  London  direct.  This  was  said  at  7.20  a.  m., 
Valentia  time,  Feb.  1 :  at  7.31  a.  m.,  Valentia  time,  the  London 
message  was  started  from  Valentia  for  San  Francisco ;  passed 
.  through  ^ew  York  at  2.35  a,  jm.,  New  York  time ;  was  re- 
ceived in  San  Francisco  at  11.21  P.  M.,Jan.  3li  San  Franeisco 
time,  and  was  at  once  acknowledged — (he  whole  process  oc- 
cupying two  minutes  actual  time,  and  the  diistance  traversed 
about  14,000  miles!  Immediately  after  the  transmission  of 
the  message  referred  to»  the  operator  at  San  Francisco  sent  an 
eighty- woi-d  message  to  Heart's  Content  in  three  minutes,  which 
the  operator  at  Heart's  Content  re|>eatcd  bacic  in  two  minutes 
and  fift;y  seconds :  distance  about  5,000  miles !  Notwithstand- 
ing the  great  length  of  the  Cable  no  supplemental  battery  is 
required,  because  the  whole  force  of  the  current  is  transmitted, 
none  being  lost  as  in  the  case  of  the  Land  Telegraph  through 
imperfect  insulation. 

Ml.  History  of  the  Atlantic  Telenaph.  The  construe* 
tion  of  the  Atlantic  Telegraph  is  considered  one  of  the  most 
remarkable  scientific  achievements  of  the  present  Century. 
The  first  and  second  attempts  at  laying  the  cable  in  18«>7  ^od 
1858  were  unsuccessful.  The  third  attempt  somewhat  later  in 
the  year  1858  succeeded,  and  telegraphic  communi  ation  across 
the  Atlantic  was  maintained  from  Aug.  6th  to  Sept  1st,  two 
hundred  and  seventy-one  messages  having  been  transmitted 
from  Newfoundland  to  Valentia,  and  one  hundred  and  twenty- 

420.  state  the  rate  of  tnoraniiwion.  Mention  tnPtances  of  the  npld  tnuwmiivtoii  of 
de«p)itchM.  Explidn  how  r  meMWffe  fhm  f^ndon  mny  be  received  at  Mew  \'ock  tbe  «laj 
Iwfbrtt  it  iM  Mat.— 421.  Qire  ttu)  history  of  thu  Atlantic  i;able. 
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nine  fmrn  Va'entia  to  Newfoundland.  On  August  31st  two 
important  messa^^eg  were  sent  to  the  British  government  from 
Newfo.miland,  but  the  next  day  communication  ceased,  and 
no  efforts  to  reestabli'ih  it  proved  of  any  avail.  In  1865 
the  enterprise  was  renewed  with  an  improved  cable,  which  was 
successfully  laid  by  the  Great  Eastern  about  half  way  across 
the  Atlantic,  when  it  parted,  and  all  efforts  at  recoveiy  failed. 
In  1866  the  undertaking  was  renewed  with  a  new  cable,  which 
was  successfully  landed  in  Newfoundland  July  27th.  The 
ships  then  returned  to  mid-ocean  for  the  purpose  of  finding  and 
raising  the  lost  cable  of  the  previous  year.  It  was  found  wiih- 
o'lt  difficulty,  and  after  many  unsuccessful  attempts  waa  tin  d  y 
raised,  spliced  to  the  remaining  portion,  and  the  whole  Ian  led 
at  Newfoundland,  Sept.  7th.  The  successful  laying  of  these 
cables  is  due  to  Mr.  C  W.  Field. 

4%2*    AppUeatiom  of  Blsctro-Ma^otisin  to  the  prodnc- 
tion  of  motion.     Various  applicat'otis  h  ive  been  made  of  the 

galvanic  curnmt  to  the  production 
of  motion.  They  all  dt*peud  ujwn 
the  instantaneous  production  and 
destruction  of  ibrce  by  establishing 
and  breaking  the  connect'on  be- 
twein  the  Battery  and  an  Electro- 
magnet. One  of  the  simplest  in- 
strumenta  for  this  purpose  is  repre- 
sented in  Fifjf.  208.  It  represents 
an  electro-magnet  wound  with  cov- 
ered wire,  and  supported  vertically 
upon  a  stand :  w  is  a  brass  wheel, 
carrying  upon  its  circumference 
three  armatures  of  soft  iron,  placed 
at  right  angles  to  the  p'ane  of  the 
wheel.  At  b,  on  the  shaft  of  the 
wheel,  is  a  break  ptece^  consisting  of 
a  small  metallic  disc,  from  which 
project  in  a  lateral  direction  three 
iron  p»ns  corresponding  with  the 
three  iron  armatures.  The  battery 
current  entering  at  the  b'nding  cup, 
p,  divides  into  two  branches  and  as- 
cends each  of  the  legs  of  the  electro- 
magnet, then   descending,   the  two 


Motion  prottutet/  by 
Electro-magnetism . 


423.  On  whftt  does  Uie  production  of  modon  hy  •lectro-magDetLsm  depend 
Fig.20^ 


?    DeMrib* 
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branches  unite  and  ascend  by  the  single  external  wire,  B,  io 
the  break-piece :  thence  it  passes*  whenever  one  of  the  three 
iron  pins  is  in  contact  with  the  silver  spring  in  which  the  wire 
terminates,  into  the  shaft  of  the  wheel,  and  so  by  the  bra^ 
suppoits,  s  8,  into  the  iron  cores  of  the  electro-magnet,  finding 
its  way,  at  m,  into  the  binding  cup,  n,  where  it  makes  its  final 
exit  The  i^iiver  spiing  is  arranged  in  such  a  way  as  to  come 
into  contact  with  each  iron  pin  at  the  moment  when  the  corres- 
ponding armature  is  within  a  quarter-revolution  of  the  f  o  es 
of  the  electro  magnet,  and  to  cea;^e  its  contact  the  instant  eM<  h 
armature  is  brought  directly  over  the  two  electro  magnetic 
poles.  As  soon  as  contact  between  the  pin  and  spring  tiikes 
place,  the  current  passes,  the  electro-magnet  is  excited,  and  the 
armature  is  attracted  forcibly  towards  the  poles  of  the  magnet : 
when  it  reaches  them,  contact  is  broken,  the  cun'ent  cea  es,  and 
the  electro-magnet  lo.es  its  power:  the  wheel  however,  continues 
its  revolution,  in  consequence  of  the  momentum  which  it  )m» 
acquired,  until  the  pin  of  the  second  annatu re  comes  into  contact 
with  the  break-piece,  when  the  electro-magnet  aga'n  becomes 
charged,  the  second  armature  is  attracted,  contact  is  again 
broken,  and  thus  the  process  goes  on.  By  these  successive 
attractions  a  rapid  rotary  movement  is  imparted  to  the  wheel, 
which  continues  as  long  as  the  current  cin*ulates.  This  is  one 
of  the  most  simple  forms  of  an  electro-magnetic  rotary  ma- 
chine. There  are  others  of  a  much  more  complicated  con- 
struction, and  possessed  of  sufficient  power  to  be  used  in  t^e 
movement  of  machinery. 

423.  BlectrQ4aotor  of  BI.  Troment.  Fig.  209  represents  a 
machine  constricted  by  M.  Froraent,  at  Paris,  (or  the  application 
of  galvanic  electricity  as  a  motive  force  in  place  of  steam.  The 
j)rinciple  is  the  same  as  in  the  preceding  instrument,  and  its  ac- 
tion depends  upon  the  instantaneous  generation  and  destruction 
of  motive  power  by  establishing  and  breaking  the  circulation  of 
the  current.  It  consists  of  four  powerful  electix)-magnet8,  A,  B, 
c,  D,  fa  lened  upon  an  iix)n  frame,  x.  Between  these  electro- 
magnets are  two  iron  wheels,  on  the  same  horizontal  axis,  carry- 
ing eight  soft  iron  annature:^,  M,  M,  mounted  on  their  circumfer- 
ence parallel  to  the  axis.  The  current  from  the  battery  enters 
at  K,  a-^cends  the  wire,  e,  and  reaches  the  metallic  arc,  o,  which 
transmits  the  current  successively  into  each  pair  of  electro- 
magnets.    The  current  is  broken  in  each  pair,  and  their  mag- 

423.    DoKribe  Uie  Electro-motor  of  M.  Fromont. 
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Froment's  E^etro-^uotor  /or  driving  machmery. 


netism  d'^stroyed  just  as  each  annature  corner  opposite  to  their 
poles,  and  is  made  to  circulate  aga"n  and  to  re-establish  their 
magnetism  at  the  moment  when  each  armature  has  passed  one- 
half  the  distance  which  separates  each  pair  from  the  pair 
immediately  following.  This  adjustm'^nt  is  effected,  and  thi 
proper  connections  e*(tab1ished  and  broken  at  the  required  mo- 
ment, by  means  of  cogs  arranged  upon  the  arc,  o.  The  cur- 
rent finally  makes  its  exit,  and  returns  to  the  battery  by  tliie 
wire,  H.  In  thi^  manner,  the  armntures,  being  attracted  in  suc- 
cession by  the  four  pairs  of  electro-magnets,  the  wheel«<  to  which 
they  are  attached  acquire  a  rapid  rotary  motion,  and  this,  by 
the  wheel,  p,  and  an  endless  band,  is  transmitted  to  any  ma- 
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chine,  a  grinding  mill  for  eicample,  which  it  is  desired  to  fnove. 
The  machine  employed  in  the  workshop  of  M.  Froment  is  of 
about  one-horse  power. 

4d4.  The  Blectre-JSotor  of  BL  Jacoby.  Electro-nuignetic 
engines  of  much  greater  power  have  been  constructed.  In  1838, 
M.  Jacobj,  at  St.  Petersburg,  built  an  electro-magnetic  eug'ne 
of  sufiicient  power  to  propel  a  boat  containing  twelve  pe^^ons, 
upon  the  river  Neva.  The  vessel  was  a  ten-oared  shallop,  pro- 
vided with  paddle-wheels,  to  which  motion  was  given  by  the 
electro-magnetic  engine.  The  boat  was  28  feet  long,  7^  wtdt>, 
and  drew  2  J  feet  ot*  water.  During  a  vo}  age  which  lasted  sev- 
eral days  the  vessel  went  at  the  rate  of  four  miles  an  Lour. 
In  1 839,  a  second  experiment  was  tried  in  the  same  boat,  the 
machine  being  worked  by  a  Grove's  batlery  of  64  platinum 
plates,  each  having  36  square  inches  of  surface.  The  boar, 
with  a  party  of  fourteen  persons  on  board,  went  against  the 
stream  at  the  rate  of  three  miles  an  hour. 

499.  Bl6ctro-ia»pietie  Z>ocomotivet.  About  1840,  an 
electro-magnetic  railroad  engine  was  constructed  by  Mr.  David- 
son, in  Scotland,  and  tried  by  the  inventor  on  the  Edinbuigh  and 
Glasgow  railroad ;  it  weighed,  with  its  carriages,  batteries,  Ac, 
five  tons,  but  when  put  in  motion  it  traveled  only  four  m  les  ait 
hour,  exerting  a  power  less  than  that  of  a  single  man.  Tlie 
arrangement  of  this  engine  was  not  unlike  that  exhibited  in  the 
machine.  Fig*  208,  the  chief  difference  being  that  two  e'ectro- 
magncts  were  employed  instead  of  one,  and  arranged  in  such  a 
manner  as  to  operate  directly  upon  ihe  shaft  of  the  engine,  the 
ma<^etism  of  the  electro-magnets  being  perpetually  induced 
and  destroyed  at  the  proper  moment  by  making  and  breaking 
connection  with  the  battery. 

426.  Pa^'s  Bleciro-Bbi^etic  Xiocometive.  Some  very 
efficient  electro-motors  have  been  constructed  by  our  country- 
man. Dr.  Page.  With  an  electro-magnetic  locomotive  provided 
with  two  of  these  machines,  rated  at  four-horse  power  each, 
actuated  by  a  Grove's  batteiy  of  one  hundred  pairs,  a  speed  at 
the  rate  of  nineteen  miles  an  hour  upon  a  level  grade  was  at- 
tained :  the  car  weighed  eleven  tons,  and  carried  fourteen  passen- 
gers. The  engine  employed  was  the  axicd  engine.  In  all  other 
engines  the  motion  is  produced  by  eleclro-mr.gnet8  of  fofl  iron, 
which  are  alternately  magnetized  and  de-magnetized,  as  in  Fig. 

424.  Dencrihe  the  KtMiro-motor  of  M.  Jacoby.— 425.  Describe  DKTldTOii't  Bectto- 
naguetic  LocomotiTe.— 426.  Deacribo  Page'it  Klectro-maf  netic  LoeomotiTe. 
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208,  and  in  Froment's  electro-motor,  Ftg,  209.  In  thid  machine 
the  electro-magnets  are  dispensed  with,  and  a  long  hollow  helix 
is  employed,  consisting  of  several  distinct  helices,  placed  o:ie 
above  another,  so  as  to  make  a  hollow  tube,  each  having  inde- 
pendent connections  with  the  battery,  insulated  from  eiich 
other,  and  arranged  in  such  a  way  that  each  helix  can  be  mag- 
netized and  de-magnetized  in  succession. — It  is  well  known  that 
a  helix  of  wound  wire  itself  becomes  magnetic,  and  possesses 
as  much  attractive  power  as  the  iron  armature  placed  with'n 
it,  Fig,  184,  p.  363.  If  such  a  helix,  mounted  in  a  vertical 
position  in  such  a  way  that  an  iron  rod  can  be  introduci^d  into 
it  from  below,  be  connected  with  a  battery,  the  iron  roJ  wi.l 
be  at  once  drawn  up  into  it  and  be  sustained  04cillating  in 
its  axis,  even  though  it  may  weigh  many  pounds.  On  one 
occasion,  by  means  of  a  huge  helix,  a  weight  of  2,0  iO  Ibi. 
was  raised  five  inches  from  the  floor,  and  caused  to  vibrate 
for  an  inch  up  and  down  by  the  pressure  of  the  fingjr.  The 
battery  used  was  fifty  pairs  of  Grove's,  with  platinum  plates 
twelve  inches  square,  ten  inches  immersed.  This  is  called  the 
axial  force  of  magnetism.  If  the  iron  rod  be  suspended  over 
the  opening  of  such  a  helix,  as  a  6,  in  Fig.  210,  insteal  of 
p.  under,  it  will   be  drawn  down  with  equal 

force  as  soon  as  the  wires,  p^  w,  are  conn  -cted 
with  the  battery. — In  the  interior  of  this 
compound  helix  a  powerful  steel  magnet  is 
suspended  with  its  upper  eni!  upon  a  level 
with  the  top  of  the  helix,  and  fastened  to  a 
connecting  rod  attached  to  a  crank  and  axle. 
As  soon  as  the  helix  opposite  its  low^r  end 
is  magnetized,  a  powerful  attraction  is  exerted 
Ttu  axtai  eUdh^  upon  the  magnet,  tending  to  draw  it  down- 
magMtte  on;  ^^rds :  as  it  descends,  it  de-magnetizes,  by 
means  of  a  proper  break-piece,  every  helix  that  it  passes  an  I 
leaves  behind  it,  while  it  magnetizes  in  succession  every  holix 
in  advance  of  it  When  it  reaches  the  bottom  of  the  compound 
helix  the  process  is  reversed,  every  helix  above  it  is  succes- 
sively magnetized,  while  every  helix  that  it  pa<>ses  is  immedi- 
ately de  magnetized.  Thus  the  magnet  is  made  to  rise  a<vain 
to  the  upper  portion  of  the  compound  helix,  and  a  reciprocating 
motion  is  produced  which  is  imparted  to  the  crank  and  axle. 
An  axial  engine  of  this  description  was  exhibited  at  the  Smith- 

AVbnt  Ik  thn  nx^a}  fbrr«  of  m^gnpti«m  ?    ^Vhut  •xtraordiiuury  eSectt  are  piodoo^  \a 
thU  force  \    l>uocribc  Pugo'ri  oxioi  eugiiie. 
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gonian  Institute  of  four  or  five  horse-power,  the  bfttterjr  of 
which  was  contained  withm  the  space  of  three  cubic  ftet ;  it 
Mra^  a  reciprocating  engine  of  two  feet  stroiie,  and  the  whole, 
including  the  battery,  weighed  about  one  ton. 

427.  Btmwmrf?M  Blectr^fliotor.  Rean<ly  anelectro-mofor 
has  been  constructed  by  Mr.  Stewart,  in  New  York,  in  which 
a  central  axis  about  three  feet  in  length,  is  surrounded  by  a 
series  of  electro-magnets  so  placed  t^st  magnetic  action  ii9 
maintained  continually,  and  without  intermission.  The  magnet  a 
are  only  magnetized  twice  in  one  revoliition,  instead  of  manj 
times  as  hi  most  other  motors,  that  have  b^en  constructed ;  it  ia 
claimed  that  much  greater  power  is  obtained;  and  at  far  le> » 
expense  than  any  oiher  machine  that  has  Iwcn  invented.  The 
shaft  makes  five  hundred  revo  utions  per  ininute,  with  a  battery 
of  forty  cells,  producing  one-tenth  of  one-horse  power,  and  at 
an  expense  of  about  twenty-uine  cents  per  cell  for  ibrty-eiglit 
hours. 

428.  Tho  expense  ef  Bleetro-majpietism  eempared  wilk 
Steam.  As  yet  electro-magnetic  engines  liave  not  been  intro- 
duced to  any  extent,  because  the  expen.«e  of  tile  zinc  and  acida 
which  they  consume  is  far  greater  than  that  of  the  coal  required 
to  produce  an  equal  force  by  means  of  steam.  Careful  experi- 
ments have  shown  that  the  economic  differenc^e  between  a  steam 
and  an  ch^ctro-magnetic  engine,  is  as  follows : 

A  grain  of  coal  burned  under  the  boiler  of  a  Cornish 

engine,  lifted 143  lbs.  1  foot  high. 

A  grain  of  zinc  conFaroed  in  a  battery  to  move  an 

clectro-maf^netic  engine,  lifted    ......      SO  lbs.  1  foot  high. 

The  cost  of  coal  is,  per  cwL, 9<L 

The  cost  of  zinc  is,  per  cwt, 216<£ 

There  is  considerable  diversity  of  opinion  as  to  the  amount 
of  zinc  consumed  in  the  production  of  one-horse  power.  Pago 
computes  the  consumption  of  zinc  in  his  engine  at  3  lbs.  of 
zinc  per  day,  for  one-horse  power.  Joule  ailculates  the  con- 
consumption  under  the  most  favorable  circumstances,  at  4o  lbs. 
per  day,  for  one-horse  power  in  Grove's  battery,  and  in  Dan- 
iell's  battery  at  7 ')  lbs.  There  are  also  other  disadvantages :  the 
combii-tion  of  metals  with  a  three  or  four-horse  power  ejigine,  is 
very  rapid  at  all  the  point-?  where  the  current  is  broken  in  de- 
magnetizing the  electro-magnets.  The  power  is  also  appplied 
at  a  great  mechanical  disadvantage,  and  the  conversion  of  eleo- 

427  1>Hwrib«  St«wiirt*B«IeetrD-Biotor.-428.  Statv  the  oompMmUfV  azpaiM  of  «teeCro- 
BugnetUm  and  atoam. 
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tro-magnetism  into  mechanical  force  is  attended  with  mueh  more 
loss  than  the  conversion  of  heat  into  motion  in  the  steum- 
engine.  This  is  due  in  part  to  the  very  great  reduction  in  the 
power  of  the  magnet  the  instant  the  armature  is  sepanited  from 
It ;  and  the  larger  the  magnets  and  engines,  the  greater  the  loss 
of  power.  These  objections  are  less  applicab  e  to  Pa^^e's  en- 
gine, constructed  on  the  axial  principle,  than  any  other.  Tlie 
cost  per  day,  however,  is  not  necessarily  conclusive  against 
these  engines ;  notwithstanding  the  great  expense  they  m.iy, 
under  certain  circumstances,  be  usefully  applied,  er^pecially 
in  trades  and  occupations  of  small  capital,  where  the  abso- 
lute amount  of  mechanical  power  is  a  matter  of  less  conse- 
quence than  the  faciility  of  producing  it  instantaneously  and  at 
will :  this  would  be  the  case  even  though  the  power  ^'hoJld  co  t 
twenty  times  as  much  as  the  sama  a  nount  funiishe<l  by  a 
Cornish  Bteam  engine.  To  this  must  bo  added  thi  important 
eo:isideration  of  perfect  safety  and  the  entire  freedom  from 
the  danger  of  explosion. 

429.  Bleetr^-iiuiirnetlo  docks.  Electro-magnets  are  oflcn 
U'^ed  as  a  motive  po^er  in  clocks.  The  oscillation  of  the  pendu- 
lum establishes  and  breaks  the  connection  between  an  electro- 
magnet and  a  battery,  in  such  a  way  as  to  give  to  the  pendulum 
by  the  raising  and  dropping  of  an  armature,  sufficient  impulse  to 
maintain  its  motion.  This  interrupted  connection  may  be  com- 
municated by  a  wire  to  all  the  clocks  hi  a  large  city,  and  cause 
fhem  to  move  at  exactly  the  same  rate,  and  thus  one  central 
clock  may  become  the  motor  and  regulator  of  an  unlimited 
number  of  time-pieces.  Such  clocks,  however,  steadily  deterio- 
rate in  consequence  of  the  rapid  combustion  which  takas  placid 
at  the  points  where  contact  with  the  battery  is  made  and 
broken ;  and  for  this  reason  a  clock  of  ordinary  construction 
moved  by  a  weight  and  spring,  is  employed  to  furnish  the 
Standard  time,  and  its  pendulum  as  it  oscillates  is  used  to  reg- 
ulate the  current  which  turns  the  hands  upon  an  indefinite 
num'>er  of  electrical  dials.  Fig.  211  represents  a  dial  of  this 
description,  and  Fig.  212,  the  mechanism  by  which  its  hands 
are  turned.  An  electro-magnet,  b,  is  used  to  attract  an  arma* 
Cure  of  sofl  iron,  p,  turning  on  a  pivot,  a.  This  armature  trans* 
mits  its  motion  to  a  lever,  *,  which  by  means  of  a  ratchet  turns 
the  wheel  a.     This,  by  the  pinion  d,  turns  the  wheel  o,  and 

4*^  Haw  mnjr  ft  p^ndalnm  \m  made  to  o^llate  by  eteotro  nmi^eHrai^  Ifow  may 
<m«)  clock  btt  DUiMle  to  in<Ucato  timo  on  maoT  dials  in  dUforeot  plac«s '  Describe  Ptg%. 
2Uaiia2W 
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Fig.  211.  Fig.  212. 


The  Ehctro^magnetU  Clock, 

this  l>y  a  peries  of  wheels  and  pinions,  moT'es  the  hands.  The 
regular  motion  of  the  hands  depends  upon  the  regidarity  of  the 
oscillations  of  the  armature  p,  and  this  regularity  ii  maintaiDcd 
by  making  and  breaking  the  connection  between  the  electro-mag- 
net B,  and  the  battery,  by  the  movement  of  the  pendulum  of  the 
htandai*d  clock  mentioned  above.  In  this  manner,  all  the  clocks 
in  a  city,  in  a  large  hotel,  or  on  the  line  of  a  railroad,  may  be 
made  to  indicate  exactly  the  same  time,  for  the  electrical  cur- 
lent,  travelling  at  the  rate  of  18,780  miles  in  a  second,  takes 
but  an  iniippreciable  time  to  traverse  the  who!e  line.  Mr. 
Bain  has  invented  an  electrical  clock  which  is  driven  by  the 
current  derived  from  an  earth-battery,  consisting  of  one  zinc 
and  one  carbon  plate,  imbedded  in  the  ground,  about  four  feet 
apart  and  three  feet  deep.     §414,  p.  385. 

The  exact  time  when  the  sun  or  a  star  cro.-ses  the  meridian 
at  one  observatory,  can  be  telegraphed  instantaneou>ly  to  others, 
and  to  distant  places:  and  it  is  thus  that  the  exact  time  of  noon 
is  flashed  from  a  central  observator}'  to  many  distant  points* 
Time  at  Hartford  is  telegraphed  from  New  York,  and  this  from 
the  Dudley  Observatory  at  Albany.  Other  applications  have 
been  made  of  electro-magnetism  to  the  bells  of  hotels  and 
hou>es,  and  other  minor  conveniences  of  house-keeping. 

How  cmn  Ume  be  tFansmitted  from  one  place  to  another  ? 


Digitized  by  VjOOQIC 


THS    ELECTRIC 


417 


430.  The  Bleetrie  Fire-Alarm.  One  of  the  most  interesting 
and  useful  applications  of  gal vtmic  electricity  is  to  the  construc- 
tion of  the  fire-alarm  of  cities.  A  central  office  is  established, 
where  a  battery  is  placed  which  is  always  in  aclion.  From  this 
a  w^ire  proceeds  to  every  pi^rt  of  the  town,  and  is  carried  at  suit- 
able points,  into  the  interior  of  iron  boxes  fixed  at  the  comers 
of  the  streets :  after  entering  each  box  the  wire  again  emerges, 
and  is  carried  to  the  next  box,  and  so  on  in  succession  through 
them  all,  and  is  finally  returned  to  the  opposite  pole  of  the 
battery  from  which  it  started.  Thus  an  electrical  current  is 
constantly  kept  in  circulation  through  every  part  of  the  entire 
city  circuit.  The  internal  arrangement  of  the  box  is  repre- 
sented in  Fig,  213.    The  current  enters  at  o,  by  means  of  an 


The  EUetrie  Fin-Alarm, 


43^),    DcMTibe  the  Electric  Fliv-Alarm.    Dweribo  tbt  arnuagement  of  tli«  wira.    Uow 
]M  tii«  eur.sut  broken  ? 
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insulated  wire,  taking*  t!ie  course  indicated  by  the  arrow?,  de* 
BceiHling-  ill  the  space  between  the  t)uter  and  inner  boxes,  as  far 
as  u,  and  then  ascending  and  passing  into  the  inteiior  circular 
box  until  it  peaches  b  :  b  is  a  lever  of  wootl,  having  its  u|  per 
suifatre  covered  by  a  thin  stnp  of  metal,  which  by  means  of  a 
spring  is  firmJy  i)res5ed  aganst  the  brass  wheel  ^t-  By  the 
side  of  the  lever  b,  is  a  second  lever  which  i^  con  ealed  in  the 
Fig,^  constructed  of  wood,  of  the  same  dimcnf^ions,  and  having 
it^  upi)er  surface  covered  also  with  a  thin  metallic  strip,  whicli 
is  in  1  ke  manner  pressed  firmly  upon  the  wheel  w,  by  means 
of  a  spring.  Although  these  levers  are  placed  side  by  side, 
there  is  no  direct  metallic  comniunication  between  them,  except 
by  means  of  the  wheel  w.  The  current,  when  it  reaches  the 
first  lever,  b,  descends  upon  the  brass  strip  which  covers  its 
upper  surface,  to  w,  through  which  it  passes  to  the  second  lever, 
behind  B,  and  ascends  by  the  brass  strip  which  cove  rs  it,  to  the 
upi>er  end,  whence  it  pusse-s  by  the  wire  as  indicated  by  the 
aiTow,  to  the  electro-magnet  £.  After  circulating  through  both 
arms  of  the  electro-magnet,  it  emerges  and  pat'ses  by  the  wire 
in  front  of  the  bell  o,  to  the  lower  part  of  *  the  box,  and 
thence  by  the  wire  p,  ascends  in  the  space  between  the  outer 
and  the  inner  box  to  the  po'nt  o,  where  it  again  enters  the  iron 
tube  through  whi  h  it  ha  I  d/scended,  and  pa-ses  on  to  the  w  xt 
adjoining  box.  It  will  be  observed  that  so  long  as  both  levers, 
B,  rest  upon  the  wheel  w,  the  electric  current  circulates  uninter- 
ruptedly through  the  apparatus :  and  that  when  one  or  both 
the  levers  cease  to  press  upon  the  wheel  w,  the  current  ceaie* 
to  circulate.  When  a  iiro  occurs,  the  box  must  be  opened  and 
the  lever,  L,  pushed  down  as  far  it  can  be  made  to  go.  This 
movement  winds  up  a  spring  and  sets  in  motion  a  train  of  wheels 
by  which  motion  is  communicated  to  the  wheel  w.  This  wheel 
is  not  continuous,  but  is  broken  by  notches  in  its  circumfer- 
ence. As  each  notch  comes  successively  beneath  the  levers 
B,  their  connection  with  the  wheel  w,  U  broken,  and  the  curr«it 
cases  to  flow:  this  immediately  de-magnetizes  the  electro- 
magnet F,  and  allows  its  armature  a,  to  drop :  at  the  same 
in«tanl  the  current  cca«^es  to  circulate  through  the  entire  city 
CTcuit,  and  by  releasing  an  armature  attached  to  an  electro- 
magnet in  a  central  tower,  sets  in  motion  a  train  of  machinery 
by  will  h  a  heavy  blow  is  struck  once  by  a  powerful  hammer 
upo-i  the  Fire  Bell,  and  an  alarm  soimded.     As  the  wheel  av, 

.  WUat  most  U  done  wbea  aa  alarm  Is  to  be  Hounded  ? 
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revolves,  and  cocli  notch  passes  on,  the  communication  between 
tlie  levers  b,  and  the  wheel  W,  is  re-established,  the  entire  city 
c'lxjuit  i.H  agf^in  rendered  complete,  the  armature  of  the  electro- 
magii:^t  is  again  drawn  up,  and  the  machinery  in  the  central 
to'.ver  is  stopped, one  blow  only  having  been  struck  upon  the  bell. 
IF,  however,  there  be  more  than  one  notch  in  tl»e  wheel  w, 
as  it  revolves  the  proce«s  is  presently  repeated,  and  a  second 
blow  is  given  upon  the  bell.  These  notches  may  be  cut  quite 
near  each  other,  at  regular  intervals,  or  for  apart  and  at  unequal 
distances :  thus  many  combinations  may  be  effected,  by  which 
a  variety  of  blows  may  be  struck  upon  the  bell,  characteristic 
of  each  box,  and  determining  the  locality  of  the  fire.  Each 
box  is  distinguished  by  a  number,  and  the  notches  are  cut  iii 
such  a  manlier  as  to  strike  this  number  upon  the  bell.  Thu  s 
if  two  notches  be  cut  quite  close  together,  and  then,  at  Fome  dis- 
tance from  them,  four  other  notches  at  equal  distances  from 
each  other,  the  effect  will  be  to  strike  two  strokes  in  rapid  suc- 
cession, and  then,  after  a  brief  interval,  four  others,  denoting  the 
number  24,  and  indicating  that  box  24  is  the  one  neare-t  ths 
fire.  By  pulling  the  lever  L,  down  once,  the  machinery  is 
wound  up  just  enough  to  make  the  wheel  w,  revolve  five  times, 
and  thus  the  number  2  4,  in  the  above  case,  will  be  repeated  five 
time^  With  every  completion  of  the  circuit,  the  armature  of  the 
electro-magnet  in  each  box  is  drawn  violently  back  to  the  mag- 
net, and  a  stroke  given  upoi  the  bell  o.  The  alarm  is  there- 
fore repeated  in  every  iron  box  in  the  cify,  and  may  be  made 
to  indicate  the  locality  of  the  fire  in  every  engine-house.  The 
box  is  kept  securely  locked,  and  the  lever  l,  is  moved  by 
means  of  a  projecting  pin,  l,  upon  the  inside  of  the  open  door, 
repre -ented  in  the  Fig.  This  pin  extends  through  the  door,  and  * 
may  be  moved  upon  the  opposite  side  while  the  door  is  closed : 
s  s,  are  springs  for  the  purpose  of  restoring  the  pin  l,  to  its 
former  po  ition  after  being  once  thrust  down.  The  whole  box 
is  closed  by  an  external  doar  not  represented  in  the  Fig.^  the 
key  of  which  is  kept  in  Fome  neighboring  house.  In  some 
cases  the  alarm  is  first  telegi'aphed  to  a  central  office,  and  from 
that  transmitted  to  a  number  of  Fire-bells  distributed  over  the 
city.  The  advantage  of  making  use  of  a  circuit  which  is  con- 
stantly closed,  in?t(jad  of  bnnging  the  battery  into  use  only  at 
the  moment  when  the  alarm  is  to  be  sounded,  is,  that  it  furnishes 
evidence  of  being  constantly  in  working  order,  and  makes  the 

How  Is  the  numbeft  of  tae  box  stniek  upon  Uie  boll  ? 
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transmission  of  the  alarm  perfectly  certain ;  for  the  instant  any 
disarrangement  takes  place  and  the  current  ceases  to  circulate, 
the  alarm-bell  is  sounded  once.  One  stroke  upon  the  central 
bell,  not  repeated,  indicates  that  the  circuit  is  broken  and  the 
line  out  of  working  order :  for  this  reason  there  is  no  box  in 
the  system  marked  number  1.  As  one  stroke  indicates  no 
alarm  of  fire,  it  may  be  employed  to  denote  time  and  to  sig- 
nalize the  exact  hour  of  noon,  by  opening  any  one  of  the  iron 
boxes  in  the  system  and  breaking  the  circuit  once :  this  gives 
one  stroke  upon  the  central  bell,  and  also  upon  all  the  smaller 
bells  distributed  through  the  boxes.  The  battery  required  ii 
about  one  hundred  cells,  of  J>anieirs.  The  iron  tube  which 
leads  from  each  iron  box  to  the  ground  has  nothing  to  do  with 
the  regular  working  of  the  apparatus,  but  is  intended  to  carry  ofT 
lightning,  and  to  furnish  a  connection  with  the  ground  whenever 
it  becomes  necessary  to  u  e  the  earth  for  a  part  of  the  circuit, 
as  is  done  in  the  case  of  the  ordinary  Telegraph. — On  the  same 
principle,  the  burglar-alarms  are  constructed,  which  are  fre- 
quently attached  to  windows  and  doors.  The  opening  of 
the  window,  or  door,  breal;s  an  electrical  current  circulatinj 
throughout  the  house  from  a  central  battery,  and  telegraphs 
the  alarm  and  the  particular  door  or  window  to  some  central 
apartment. 

431.  Znactric  Gas-lightinsr-  An  in;;cniou3  application 
of  the  above  principles  lias  been  made  by  AJr.  Farmer,  of  Bos- 
ton,  to  lighting  the  street  gas-lamps.  A  small  iron  box  is 
placed  directly  beneath  the  jet,  in  which  is  ))laced  a  small  elec- 
tro-magnet, which  is  connected  with  a  battery  current  c'rculat- 
ing  from  lamp  to  lamp,  thn>ughout  the  town.  As  soon  as  this 
electro-magnet  is  actuated  by  the  current,  it  attracts  an  arma- 
ture, and  opens  a  conical  gas-stopper,  thus  allowing  the  gas  to 
pass  into  the  jet,  where  it  is  immediately  lighted  by  an  electric 
spark  flivshed  from  the  battery,  between  two  platinum  points, 
which  are  placed  directly  over  the  aperture.  On  reversing  the 
current,  the  conical  stopper  is  pushed  back  into  its  place,  and 
the  gas-light  is  extinguished.  The  battery  current  in  this 
apparatus  is  furnished  by  a  thermo-electric  pile,  excited  by  a 
powerful  gas-light.  The  dome  of  the  capitol  at  Washin^toa 
is  illuminated  by  gas  turned  on  and  lighted  by  electricity.  Tl;e 
botteiT  consists  ol*  200  jars,  and  consumes  600  lbs.  of  zinc,  80 
lbs.  of  mercury,  and  50  gallons  of  sulphuric  acid,  per  annnm. 

How  may  the  hour  of  noon  he  struck  on  the  central  hell?  How  lai^n  ft  bftttrr}:  i> 
required  ?— 481.  What  uppUcfttioQ  lyw  been  made  of  these  priodpiee  to  the  lighttagor 
■irewt  Umpe  ? 
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-    433.  Progreis  of  dUeovMry  In  Bl«etro-Blagnatisiii«     The 

successive  discoveries  which  led  to  the  construction  of  the  pow- 
eiful  electro-magnets  on  wliich  the  Magnetic  Telegraph  and  tiie 
various  electro-motors  above  described  depend,  are  as  ibllows . 
The  fundamental  fact  of  the  influence  of  a  wire  carrying  the 
gidvaiiic  current  upon  the  magnetic  needle  was  discovered  by 
Oersted,  at  Copenhagen,  in  the  whiter  of  1819-20.  The 
sei-ond  fact,  that  tlie  wire  carrying  the  current  is  itself  magnetic 
and  will  attract  iron  filings,  was  discovered  by  Arago  and  Davy, 
in  1820.  The  third  fact,  that  two  wires  through  which  gal- 
vanic currents  ai*e  passing  in  the  same  directioa  attract,  and 
tho  e  in  the  opposite  direction  repel  each  other,  was  discovered 
by  Ampbre  in  18i0,  and  it  was  on  this  that  he  constructed  his 
celebrated  theory,  §403,  that  magnetism  is  produced  by  cuiTents 
of  electricity  circuLiting  around  the  magnet  at  right  angles  to 
the  line  joining  the  two  poles :  it  also  led  Arago  in  the  same 
yeiir  to  magnetize  steel  wire  and  sewing  needles,  by  transmit- 
ting a  current  of  electricity  through  a  helix  of  wire  surrounding 
agla^  tube  containing  within  it  the  needle  or  wire  to  be  mag- 
netized, Flg9.  182,  183.  Tho  next  important  step  was  made 
by  Mr.  Sturgeon,  at  London,  in  1825,  by  inventing  the  electro- 
ipagnet  He  bent  a  piece  of  iron  wire  into  the  form  of  a  horse- 
sho  s  covered  it  with  varnish  to  insulate  it,  and  surrounded  it 
•with  a  helix  of  soH;  copper  wire,  through  which  the  battery 
current  was  transmitted,  the  spires  of  the  lielix  being  8eparate<l 
from  each  other  to  a  considerable  distmioe^  "When  a  galvanic 
current  was  passed  through  the  h'dix  from  a  small  battery 
consisting  of  a  shigle  cell,  the  iron  wire  l)ecame  manit^tic 
and  continued  so  during  the  passage  of  the  current.  When 
the  current  was  intermpted  the  magnetism  dis<(pp"ared,  and 
thus  was  produced  the  first  temporary  soil  iron  electro-magnet. 
This  electro-magnet  was  very  feeble  in  power,  and  could  not 
be  made  to«act  by  a  current  transmitted  through  'a  long  wire. 
The  next  step  in  advance  was  ma'le  by  onr  countr3nnrMMi, 
Prof.  Henry,  in  1828,  by  insulating  the  conductii^  wire  itself 
with  a  well  wound  coverini?  of  cotton  or  silk,  Itistead  of  the 
curved  iron  bar,  and  by  wmding  the  whole  length  of  the 
horse-shoe  with  a  series  of  coils  in  close  contact,  and  then 
successive  stratas  of  coils  over  the  first,  care  being  taken  to 
secure  insulation  between  each  layer  by  a  covering  of  silk 
ribbon.     By  this  arrangement  the  power  of  the  electro-magnet, 

Dvwribe  the  progre«i  of  dlMorery  in  elcctro-nuucnetisin.    "Who  constroctsd  tb«  fiitt 
tlMtro-uMgiMt  ?    >>!»  coQjitructwi  tbm  flxst  •ffectiye  elMtro*inagnoe  ? 
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with  the  same  amount  of  galvanic  force,  was  increased  several 
times,  and  it  was  found  that  a  curn^nt  transmitted  through  a 
long  wire  could  be  used  to  create  a  powerful  electro-magnet  at' 
the  distance  of  many  mile^,  and  make  signals  by  striking  a  bell, 
especially  if  a  battery  of  intensity,  §341,  con.-isting  of*  many 
cells,  was  employed.  This  discovery  made  tlie  <on.-trucrion  of 
an  electro-magnetic  telegraph,  which  had  been  tried  without 
success  in  England  in  1825,  a  pos^ibility,  and  served  as  the 
foundation  for  Slorse's  electro-magnetic  instrument.  Prof.  Henry 
still  further  increased  the  power  of  the  e!ectro-raagnet  by  using 
a  number  of  separate  coils,  having  independent  connection  with 
the  biittery,  on  the  same  horse-shoe,  in  place  of  one  long  single 
coil.  In  this  manner  the  poweiful  electro-magnet**  capable  of 
sustaining  from  five  to  ten  thousand  pounds  were  made,  which 
have  since  been  u  ed  in  the  con?truction  of  electro-motors. 
He  also  exhibited  the  first  mechanical  motion  ever  produced 
by  magnetic  attraction  and  repulsion,  by  means  of  a  vibrating 
beam  placed  horizontally  over  two  upnght  magnets :  a  fly-wheel 
was  subsequently  attached  to  this,  and  afterwaids  a  rotatory 
motion  given.  An  account  of  this  instrument  is  contained  in 
Silliraan's  Journal  for  1831. 

Finally,  the  constant  battery  of  Prof.  Daniell  was  invented  in 
183(>;  the  pcssibility  of  using  the  earth  as  a  part  of  the  tele- 
graphic circuit,  was  diseoven'd  by  Stcinheil  in  1837  ;  and  in  the 
same  year  these  pnnc'ples  were  applied  by  our  countiynum. 
Prof.  Morse,  to  the  construction  of  the  elect  ro-mngnetic  telegraph. 
About  the  .«amc  time,  Wheatstone  and  Cooke's  needle  telegrapli 
was  introduced  in  England;  Danic'll's  and  Grove's  batteries 
were  pertected  in  1843;  and  the  first'  telegraph  line  in  the 
U.  S.  A.  erected  between  Bidtimore  and  Washington  in  1844. 
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433.  Tolta^Tostric  XiidiMtion.  An  Indnced  secondary 
dloctrical  carrent  produced  by  eatabliihing  and  breoiiingr  the 
primary  current  of  a  Galvanic  Battery.  We  have  seen  that 
the  frictional  electricity  of  the  machine  induces  electricity  in  all 
surrounding  bodies,  §310.  The  electricity  of  the  battery  acts  in  a 
similar  manner,  but  only  at  the  instant  when  the  current  begins, 
and  at  the  instant  when  it  ceases,  to  flow :  during  its  continu- 
ous flow,  no  inductive  influence  whatever  is  exerted  by  it  This 
fact  was  discovered  by  Mr.  Faraday,  in  1831.  He  found  tliat 
a  wire  transmitting  a  poweiful  current,  induces  a  momentary 
current  in  a  second  wire  parallel  to  the  first,  the  two  exti-emi- 
ties  of  which  are  brought  together,  and  united  so  a  4  to  form  a 
closed  circuit,  whenever  the  connection  of  the  original  wire  wiih 
the  battery  is  made^  or  is  broken.  This  he  called  Volta- Electric 
Induction,  The  effect  is  much  inc^reased,  if  initead  of  employ- 
in?  simple  parallel  wires,  the  wires  of  the  two  currents  are 
coiled  into  two  helices  and  arranged  one  within  the  other.  The 
wirc  which  conveys  the  primary  current,  or  the  primary  coil, 
is  placed  in  the  axis  of  the  coil  for  the  secondary  current,  and 
the  extremities  of  the  secondary  coil  are  joined  together  so 
a^  to  form  a  closed  or  continuous  circuit.  A  galvanometer  is 
connected  with  the  extremities  of' the  secondary  co  1,  in  such  a 
manner  as  to  form  a  part  of  the  closed  circuit,  for  the  purpose 
of  dfimonstrating  the  actual  passage  of  the  current.  The  pro- 
duction of  a  seconiary  current  uiider  these  circumstances,  may 
be  shown  by  the  apparatus  represented  in  Fig,  214.     Let    p 


VoUa  Elfctric  Induction . 


What  to  th«  offert  of  ira  eloctrified  ho ly  on  al!  other*  n< ar  it  ?    Wh<tt  b  thp  cfT-r  t  of  a 
wir«  cjirr.  inp  a  cunvnt.  upon  n  ^'o  e  I  fa  anel  \r1re?"    Ifo.r  v»n  tMji  t-fffirt  'w»  increased?  ' 
W.  < ->  (lkieoven» J  theie  UcXa  ?    Wa  U  turn  >.  d.J  be  ^ /e  to  Uii  i.idoctive  actioo  ? 
lb 
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represent  the  inner  primary  helix,  composed  of  a  short  piece 
of  stout  wire  carefully  wouud  with  silk  or  cotton  and  vam'shed 
with  gum-lac,  so  as  to  he  thoroughly  insulated,  and  having 
its  two  extremities  connected  with  the  binding  cups  d  and  c, 
through  which  a  connection  is  established  with  the  battery. 
Let  s,  represent  the  outer  secondary  helix,  composed  of  a  great 
length  of  very  fine  copper  wire,  also  carefully  insulated,  and 
entirely  separated  from  the  primary  helix,  and  having  its  ex- 
tremities connected  with  the  biuding  cups  a  and  A,  through 
which  a  connection  is  established  with  the  galvanometer  o,  thus 
forming  a  chied  circuit,  of  which  the  galvanometer  is  a  part. 
The  connection  of  the  primary  hflix  with  the  battery  is  made 
or  broken  at  pleasure  by  connecting  or  disconnecting  the  bat- 
tery wire,  by  means  of  the  hand,  with  the  binding  cup  c.  It  is 
found  that  the  moment  the  connection  is  completed  with  the 
battery,  and  the  galvanic  current  begins  to  circulate  through 
the  inner  primary  coil  p,  a  secondary  current  of  positive  elec- 
tricity instantly  circulates  in  an  opposite  direction  throrgh  the 
outer  coil,  shown  by  the  violent  oscillations  of  the  needle  of  the 
galvanometer.  This  Fecoudary  current  continues  only  for  a 
moment  and  almost  immed'atcly  cea  es.  If  the  conni  ction  of 
the  piimary  coll  with  the  battery  be  kept  up,  the  flow  of  the 
induced  secondary  current  ceases,  as  is  shown  by  the  needle  of 
the  galvanometer  returning  to  its  position  of  rest,  ^gain,  the 
instant  that  the  connection  of  the  primary  co!l  p,  with  the  bat- 
tery is  broken  by  removbig  the  battery  wire  from  the  b'nding 
cup  c,  and  the  primary  current  cea?es  to  flow  through  p,  a  mo- 
mentary secondary  current  of  positive  electricity,  flowing  in  the 
same  direction  with  the  primary  current,  circulates  throughout 
the  entire  coil,  shown  by  the  powerful  impulse  which  it  imparts 
to  the  needle  of  the  galvanometer.  These  currents  are  only 
momentary,  but  are  characterized  by  great  power  and  intensity. 
Though  the  current  of  positive  electricity  is  only  spoken  of  ac* 
cordnj  to  the  principle  laid  down^  §333,  p.  309,  it  must  be  under- 
stood,  that  a  momerUary  current  of  secondary  negative  electricity 
is  also  produced  at  the  same  time^  {lowing  in  the  opposite  direc- 
t/on to  tliat  of  tJie  secondary  positive:  when  contact  wi:h  the 
battery  is  completed,  it  circulates  in  the  same  direction  with  the 
primary  current :  when  contact  with  the  battery  is  broken,  it 
circulates  in  the  opposite  direction.  The  secondary  electric 
current  thus  induced  is  not  derived  from  the  battery,  nor  from 

I)«»<cTihe  the  npiMmna  hy  which  theso  caocts  cu^  1m  dexDonstnte  J.    I«  a  nesatlir* 
M  \.M  u  a  potiliv*  ctuf9«l  inJucud  t 
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the  primary  current;  it  id  the  electricity  natural  to  the  secon- 
dary wire,  the  equilibrium  of  which  has  been  disturbed  by  the 
sudden  production  and  cessation  of  the  primary  curixsnt  in  its 
vicinity :  if  the  secondary  wire  be  very  short,  ihe  amount  of 
induced  electricity  is  very  small,  because  the  amount  of  matter 
expoied  to  the  action  of  the  primary  current  is  very  l.ttle,  and 
the  amount  of  electricity  which  it  contains  very  trifling :  if 
the  wire  be  incre^ised  in  length  the  induced  t-lectricity  man- 
ifested is  correspondingly  increa-ed,  because  of  the  larger 
amount  of  matter  operated  upon,  and  the  larger  amount  of  elec- 
tricity whose  equilibrium  is  disturbed  by  the  operation  of  the 
primary  current.  It  is  essential  to  the  complete  success  of 
these  experiments,  that  the  secondary  wire  should  be  much 
longer  and  finer  than  the  primary. 

434.  Faraday  s  SspetimMits.  In  Mr.  Faraday*3  origi- 
nal experiments  the  helices  were  arranged  as  follows :  "^  About 
twenty-six  feet  of  copper  wire,  one-twentieth  of  an  inch  in  di- 
ameter, were  wound  round  a  cylinder  of  wood  as  a  helix,  the 
ditferent  spires  of  which  were  prevented  from  touch'ng  by  a 
thin  iuterposei  twine :  this  helix  wai  covered  with  calico,  and 
then  a  second  wire  applied  in  the  same  manner.  In  this  way 
twelve  helices  were  super-imposed,  each  containing  an  average 
length  of  twenty-seven  feet,  and  all  in  the  same  direction.  The 
first,  third,  fifth,  seventh,  ninth,  and  eleventh,  of  these  helices, 
were  connected  at  their  extremities,  end  to  end,  so  as  to  fb;*m 
one  helix :  the  others  were  coiuiected  in  a  similiu*  manner ;  and 
thus  two  principal  helices  were  produced  closely  interposed, 
liaving  the  same  direction,  not  touching  anywhere,  and  each 
containing  one  hundred  and  fifty-five  fbet  in  length  of  wire. 
One  of  these  helices  was  connected  with  a  galvanometer,  the 
other  with  a  voltaic^attcry  of  ten  pairs  of  plates  four  inches 
square,  with  double  coppers,  and  well  charged;  yet  not  the 
slightest  sensible  deflection  of  the  galv.i^omster  needle  could  be 
observed.  Then  two  himd:'ed  and  three  feet  of  copper  wire 
ih  one  length  were  coiled  around  a  large  block  of  wood :  other 
two  hundred  and  three  feet  of  similar  wire  were  interposed  as  a 
spiral  between  the  turns  of  the  first  coil,  and  metallic  contact 
everywhere  prevented  by  twine.  One  of  these  helices  was 
connected  with  a  galvanometer,  and  the  other  with  a  battery  of 
one  hundred  pairs  of  plates  four  inches  square,  with  double 

!•  t!M}  MOoniBury  current  derived  from  the  bHttery  or  thu  prlmarj  current?  What  U 
St « Kturee  7  What  U  the  effect  cf  WDgtbeoing  Uie  Bccondary  coil  ?— 131.  GWe  ttM  lUstocy 
oi  Sir.  i'anOay's  discovery. 
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coppers,  and  we!l  cliarged.     When  the  contact  was  made^  there' 
was  a  sudden  and  very  slight  effect  at  the  galvanometer,  and 
there  wa'^  also  a  slight  similar  effect  when  the  contact  with  the 
bat'eiy  was  broken.     But  whilst  the  voltaic  current  was  cont'n- 
iling  to  pass  throigh  the  one  helix,  no  gulvanometrica)  appear- 
ances nur  any  efiect  like  induction  upon  the  other  helix  ixakf 
btt  perceived,  ahhough  the  active  power  of    the  battery  was 
p-.oved  10  be  great  by  its  heating  its  own  helix,  and  by  the  bril- 
liancy oF  the  discharge  when  made  through  charcoal.     Bepeti- 
tion  of  the  experiments  with  a  battery  of  one  hundred  and 
tweuy  pairs  of  plates,  produced  no  other  effects:  lut  it  was 
as(*eria  ued,  Loih  at  thij  and  the  ibrmer  time^  that  the  slight 
dedection  of  the  needle  occurring  at  the  momeift  of  ccmpletii  g 
the  connection,  was  always  in  one  direction,  and  that  the  equal  y 
slig'it  deflection  produced  when  the  contact  was  bioken,  i^^s  in 
the  other  direction ;  and  at^o  that  thCFC  effects  occnntd  when 
the  first  helices  were  used.     The  rcFults  which  I  had  by  this 
time  ob'ained  with  magnets  led  me  to  believe  that  the  latteiy 
current  through  one  wire  did  in  reality  induce  a  similar  current 
through  the  other  wire,  but  that  it  ccntinued  lor  an  inptant  cnly, 
and  partook  more  of  the  nature  of  an  electrical  wave  pafscd 
thro  igh  from  the  shock  of  a  common  Lf  yden  jar,  than  of  the 
current  from  a  voliaio  battery,  and  theretore  might  ma{:nttise 
a  «te»d  needle,  though  it  scarcely  affected  the  galvanometer. 
TXxU  ex[)ectation  was  confirmed ;    for  on  substituting  a  tmall 
hollow  helix,  formed  round  a  glass  tube, for  the  gah^rometer, 
introducing  a  steel  needle,  making  contact  as  before  Lei  ween 
the  battery  and  the   inducing  wiie,  and  then  ren-oving   the 
needle  be  ore  the  battery  con' act  was   broken,  it  was   fbiir.d 
magnetized."     In  the^e  experiments  of  Mr.  Faraday,  it  will  be 
observed  that  the  secondary  wire  was  no  fonger  than  the  pri- 
mary  wire,  and  consequently  the  results  obtained  were  ex- 
tremely f»*eble ;  the  <-ur^nt  obtained  from  the  secondary  wire 
had  in  fact  less  intensity  than  that  obtained  fi'om  the  pr  mary,: 
no  effect  was  produi'ed  upon  the  tongue,  no  sparks,  no  heat  ng 
of  fine  wire  or  charcoal,  no  chemicm  effects ;  the  current  was 
indicated  on'y  by  the  galvanometer  and  by  its  magnetic  eflects: 
no  additional  effect  was  produced  by  increasing  the  size  of  the 
battery  from  1 0  cells  to  1  iO.     If  the  coils  had  been  unequiU.  the 
shorter  used  for  the  primary,  and  the  longer  for  the  secondary, 
\ery  different  results  might  have  been  obtained.     This  rever>al 

What  •Oiect  wonkl  have  b«eii  produced  bad  Mr.  Faraday  used  a  looser  fleooodaiy  ooU  t 
Who  first  ittuoduoed  Um  um  of  tiM  loug  awondaiy  mU? 


Digitized  by  VjOOQ IC 


INDUCTION  TAKES   PLACE 


427 


of  the  relative  length  of  the  coils  was  first  made  by  our  coun- 
tryman, Dr.  Page :  by  making  n-e  of  a  short  pHmury  coll,  and 
a  secondary  coil  320  feet  in  length  he  established  the  prin- 
ciple, that  to  ob'ain  induced  currents  of  high  intensity  f.om 
a  battery  of  a  single  or  only  a  few  pairs  of  plates,  the  induced 
or  secondary  circuit  must  be  much  longer  than  the  iuduc'nj 
or  battery  circuit  By  employing  a  short  primary  coll,  and  a 
secondary  coil  of  copper  ribbon  220.  feet  in  length  and  one  inc'.i 
wide,  powerful  shocks  were  obtained,  a  Leyden  jar  charged,  and 
water  decomposed,  by  the  action  of  the  secondary  current :  with 
a  coil  320  feet  in  length,  a  secondary  current  was  obtahied  of 
sufficient  inteasity  to  pass  between  charcoal  points  before  con- 
tacL  The  establishment  of  this  principle  led  to  the  constructioii 
of  several  important  instruments  for  the  development  of  secon- 
dary electricity,  and  eventually  to  that  of  RuhmkorflTs  coil. 

435.  T3i6  ininctive  effaet  of  the  Primary  current  talcos 
pjace  t!ir9a7h  a  considerable  distance.  The  inductive  influ- 
en.te  of  the  primary  current  takes  place  even  when  the  primary 
and  secondary  coils,  are  not  placed  one  within  the  other,  but  are 
separated  by  a  CQnsiderable  distance.     Thus  in  Fig.  215,  let  l, 

Fb.  215. 


The  Sefndary  Indmeed  CurmU, 

represent  one  cell  of  a  Danieirs  battery ;  a,  the  primary  coiT, 
composed  of  a  short  strip  of  copper  ribbon,  and  having  one  of 
its  extremities  permanently  connected  with  the  positive  pole 
of  the  battery,  while  the  other  is  arranged  in  such  a  way  that 
its  connection  with  the  negative  pole  may  be  made  and 
broken  at  pleasure  by  drawing  the  negative  wire  over  the 
ribbed  piece  of  iron  which  terminates  it :  w,  is  the  secondary 
coil,  consisting  of  a  great  length  of  fine  copper  wire,  separated 


485.  \T\\\  indnetlon  teke  plaoe 
can  tab  be  proved? 


even  if  the  ooUfl  ftre  setMtmted  from  each  other?    How 
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to  a  considerable  distance  from  the  primarj  coil  a,  and  liflying 
its  two  extremities  connected  with  the  handle.-?.  A»  the  wire, 
connecting  the  primary  coil  wilh  z,  passes  from  one  ridge  of 
the  piece  of  ribbed  iron  to  another,  the  primary  circuit  is  rap- 
idly cx>mpleted  and  broken,  and  a  succes^ion  of  ])Owerfal  induced 
momentary  currents  alternately  in  opposite  directions,  circulates 
thraugh  the  secondary  coil  w,  by  which  a  torrent  of  sharp 
shocks  are  given  to  the  moistened  hands.  It  will  be  observed 
tliat  the  extremities  of  the  coil  av,  being  connected  with  the 
handles,  the  body  of  the  experimenter  together  with  the  secon- 
dary coil,  constitutes  a  closed  circuit^  This  inductive  action  is 
f  obtained  even  though  a  plate  of  glass  be  interposed  between 
A  and  w,  but  if  a  plate  of  metal  be  interposed  no  inductive  ac- 
tion takes  place  in  the  coil  av,  because  it  is  transferred  to  the 
inter|)08i-d  conducting  metallic  plate.  When  the  coil  w 
GontaLis  seveml  thousand  feet  of  fine  wire,  the  shocks  are  too 
intense  to  be  endured.  The  intensity  of  the  shocks,  however, 
diminishes  in  a  rapid  ratio,  as  the  dirrtance  between  the  coils  is 
increased.  With  the  arrangement  represented  in  Fiff.  215, 
shocks  through  the  tongue  are  easily  obtained  when  the  wire 
coil  is  a  foot  or  two  above  the  ribbon  coil,  and  the  distance  may 
be  still  further  increased  by  using  a  larger  ribbon  coil  or  a  more 
powerful  battery.  The  shocks  are  made  much  more  violent 
by  wetting  the  hands  with  salt  water.  The  intensity  of  the 
shock  al  o  diminishes  rapidly  as  the  secondary  coil  w  is  raised 
from  a  horizontal  po.^ition  into  an  inclined  one,  and  when  it  is 
elevated  into  a  vertical  po-^ition,  its  edge  resting  on  the  primary 
col,  they  are  no  longer  felt^  These  induced  currents  not  only 
give  powerful  shock:^,  but  also  magnetize  steel  needles,  and  pro- 
duce chemical  decomposition:  the  former  may  be  shown  by 
placing  a  8**wing-nei^dle  in  the  centre  of  the  coil  w,  when  it 
w  11  instantly  be  made  permanently  magnetic ;  and  the  latter 
by  disconnecting  the  extremities  of  the  coil  w  from  the  handles, 
and  connecting  them  with  platinum  wires  dipped  into  acidulated 
wat«r,  or  into  a  solution  of  iodide  of  pota-^ium.  The  charac- 
tei*  of  the  induced  secondary  current  depends  very  much  upon 
the  arrangement  of  the  secondary  coil  w:  if  it  be  compo-edof 
a  long  ribbon  of  copper,  offering  a  larjre  sectional  area  for  the 
conluction  of  the  current  and  diminishing  resistance,  at  tlie 
same  time  that  the  different  layers  of  the  coil  are  approximated 
to  each  oth(ir  with  the  smallest  po-sible  interval  between  them, 

Wbat  Iti  the  eflfect  Af  «n  int«rpoMd  glws  plate  ?  Wljat  effect  hw  locreMB  of  dl«>tance 
ufton  the  lnt«n>fty  of  the  shorkfl  ?  of  pladug  the  ooil«  at  right  anglw?  What  are  tb* 
edectd  of  the  iaaiiovd  currenti  ? 
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currents  of  large  quantity  are  obtained  like  those  required  for 
magnetizing  steel,  or  for  igniting  platinum  wire,  §341 :  but  if  it 
be  composed  of  a  very  thin  wire  a  secondary  current  is  obtained 
of  great  intensity^  producing  powerful  shocks,  and  intense 
chemical  effects.  During  the  uninterrupted  circulation  of  the 
primary  current  no  effect  is  perceived,  but  only  at  the  moment 
of  opening  or  closing  the  circuit  The  secondaiy  current  which 
is  obtained  on  closing  the  primary  circuit,  is  called  the  initial 
secondary ;  and  that  which  is  obtained  on  breaking  the  primary 
circuit,  is  called  the  terminal  secondary.  When  a  battery  of  a 
single  pa*r  of  plates  is  employed,  the  initial  secondary  is  much 
inferior  in  intensity  to  the  terminal,  and  gives  a  feebler  shock  : 
the  intensity  of  the  terminal  secondary  proJuced  by  breaking 
the  circuit,  is  very  little  increased  by  adding  to  the  number  cf 
the  battery  cells :  with  the  initial  secondary,  on  the  contrary,  ev- 
ery additional  pair  is  found  to  increase  its  intensity,  so  that  with 
ten  cells  it  is  found  to  equal  the  terminal,  and  with  a  larger  num- 
ber to  exceed  it :  in  quantity,  however,  the  secondary  currents 
both  initial  and  terminal,  are  equal,  thoite  produced  by  a  ribbon 
coll  being  much  superior  to  those  obtained  from  a  wire  coil. 

436.  ladnetioa  of  a  momeataxy  Secoadary  curreTit  by 
tha  approach  aad  removal  of  iha  Primary  enrreat.  Similar 
effects  may  be  produced  by  removing  the  primary  helix  r, 
in  Fig,  214,  from  the  secondary  helix  s,  and  causing  the  pri- 
mary coil  p,  while  it  is  still  transmitting  tha  battery  curren % 
suddenly  to  approach  and  recede  from  the  secondary  coll,  fu 
shown  in  Fig.  216.  During  the  approach,  a  secondary  current 
in  an  opposite  direction  is  set  on  foot  in  the  outer  coll,  as  shown 
by  the  movement  of  the  galvanometer :  and  again  during  the 
withdrawal  a  momentary  secondary  current,  in  the  same  direc- 
tion with  the  primary  current,  is  made  to  circulate.  If  the  gal- 
vanometer be  removed  from  the  secondary  circuit,  and  in  its 
place  a  small  wire  helix  substituted  so  as  to  make  a  continuous 
circuit,  and  a  sofl  iron  wire  be  introduced  into  the  helix,  it  will 
be  mode  temporarily  magnetic:  if  a  steel  needle  be  introduced 
it  will  be  permanently  magnetized,  and  the  intensity  of  the 
magiietism  will  be  proportioned  to  the  intensity  of  the  current. 
These  facts  were  also  discovered  by  Mr.  Faraday  in  1831,  at 
the  same  time  with  those  described  above,  and  his  experiments 
were  made  in  the  following  manner:  "In  the  preceding  experi- 
ments the  wires  w^e  placed  near  to  each  other,  and  the  contact 

What  ts  the  effect  of  constcueUng  the  secondary  coQ  of  copper  ribbon  ?  of  fine  copp<>r 
wire  ?  What  Is  the  initial  serondarv  current  ?  the  terminal  wcondary?  How  do  tbef 
compare  in  Intensity  and  quantity  ?— 496.  Show  how  Induction  may  be  produced  by 
the  approach  and  romoral  of  the  primary  coil  ?    Who  diacoyered  thin  fiict  ? 
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Fig.  216.  .         , 


Jhe  Secondary  current  induced  by  the  approach  and  removal  of  the  Frimary  coil. 

of  the  inducing  one  with  the  battery  made  when  the  inductive 
effect  was  required,  but  as  the  particular  action  might  be  sup- 
posed to  be  exerted  only  at  the  moments  of  making  and  break- 
ing contact,  the  induction  was  produced  in  another  way. 
Several  feet  of  copper  wire  were  stretched  in  wide  zig-zag 
forms  re.presenting  the  letter  w,  on  one  surface  of  a  bioiid 
board:  a  Feoond  wire  was  stretched  in  precisely  similar  forms 
on  a  second  board  so  that  when  brought  near  the  first,  the  wirea 
should  everywhere  touch,  except  that  a  sheet  of  thick  pap^r  was 
interposed.  One  of  these  wire-*  was  connected  with  a  galvan- 
ometer, and  the  other  with  a  voltaic  battery.  Tlie  first  wire 
was  then  moved  towards  the  second,  and  as  it  approached,  the 
needle  was  deflected.  Being  then  removed,  the  need!e  was 
deflected  in  the  opposite  direction.  By  first  making  the  wires 
approach  and  then  recede  simultaneously  with  the  vibrat'ons 
of  the  needle,  the  latter  soon  became  very  extensive;  but 
when  the  wires  ceased  to  move  from  or  towards  each  other, 
the  galvanometer  needle  soon  came  to  its  |isual  position.  As 
the  wires  approximated,  the  induced  current  was  in  the  contrary 

How  wore  his  experiments  conducted? 
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direction  to  the  inducing  current :  as  the  wires  receded,  the  in- 
duced current  was  in  the  same  direction  as  the  inducing  current. 
When  the  wires  remained  stationary,  there  was  no  inductfd 
current  All  these  results  have  been  obtained  with  a  voltaic 
apparatus  consisting  of  a  single  pair  of  plates." 

437.  Tiio  coaditioni  of  I&dactioa,  uid  yropwrties  of  In- 
dncad  cnrroatf.  Fro.n  the  experiments  which  have  been  de- 
scribed, the  fo  lowing  principles  may  be  deduced:  IsL  The 
diita.ice  remaining  the  ^ame,  a  continuous  and  con^^tant  current 
doi'^  not  induce  any  current  m  an  adjacent  conductor.  2(L  A 
current  at  the  momimt  of  circulation  produces  an  inverse  in- 
duced current  in  an  adjacent  conductor.  Sd.  A  current  the 
moment  it  ceases  produces  a  direct  induced  current.  4ih.  A 
current  which  approaches  a  close!  circuit,  or  whose  intensit^r 
increases,  gives  rise  to  an  inverse  induced  current.  5fh.  A 
current  which  is  removed,  or  whojc  intensity  diminishes,  gives 
rise  to  a  direct  induced  current. 

The  electricity  of  the  in  luced  current  in  the  secondary  coil 
is  possessed  of  greater  intensity,  and  will  give  more  vivid  and 
louder  sparks  and  w  11  produce  more  violent  shoclcs  than  the 
primary  current,  especially  at  the  moment  when  the  conne;rtion 
of  the  primary  coil  with  th«  battery  is  broken:  it  al  o  de  om- 
poses  water,  metallic  salts  and.  the  like,  and  acts  upon  the  roag- 
neiic  needle.  Induced  currents  are  more  powerful,  the  longer 
tlie  wires  of  the  secondary  coil.  On  the  contrary,  the  priip  iry 
coil  should  be  made  of  large  copper  wire  or  ribbon,  and  of  mod- 
erate length.  The  wires  of  both  co'ls  should  be  carefully 
vvound  with  silk  or  cotton,  and  covered  with  a  Folution  of  shell- 
1  ic,  so  as  to  secure  perfect  insulation.  If  the  connection  of  the 
primary  coil  with  the  battery  be  coTipleted  or  broken  very 
rapidly,  tlie  effect  of  a  continuous  current  of  secondary  elec- 
tricity is  secured.  The  direct  seco:)dary  current,  produced  by 
breaking  co  mection  with  the  battery  and  the  primary  coil,  is 
ordiuar.ly  found  to  be  much  more  powerful  than  the  inverse 
secondary  current  produced  by  completing  connection,  §435. 

438.  ladnctioa  of  a  current  on  itself.  The  extra  current  on 
brea^n;  and  completing  the  primary  circmt.  If  the  wire 
connect  ng  the  two  poles  of  a  battery  be  short,  and  the  circuit 
suddenly  broken,  on'y  a  scarcely  perceptible  spark  is  perceivecj. 
If  the  ob  erver  fo.*m  part  of  the  circu't  by  holding  a  pole  of  the 
battery  in  each  hand,  no  shock  is  obtained  unless  the  current 

437.  state  the  condldont  of  indurtion,  itnd  th«  pmpertieM  of  iodnced  carrents.— 488w 
Sow  indttotton  take  |iUc«  wUtiout  the  lue  ofa  •econdary  coU? 
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be  very  intense.  If,  however,  the  connecting  wire  be  long  and 
fine,  and  especially  if  it  be  made  into  a  spiral  with  a  great  many 
tunis  so  as  to  form  a  helix  with  very  close  folds,  a  very  vivid 
spark  is  produced  when  the  connection  is  broken,  although  on!y 
a  feeble  one  passes  when  the  connection  is  completed ;  and  an 
observer  in  the  circuit  receives  a  shock,  which  is  greater  the 
more  numerous  the  turns  of  the  coil.  This  effect  is  explained 
by  the  inductive  action  which  the  current  exerts  upon  the  wire 
which  it  traverses,  in  virtue  of  which  a  direct  induced  current, 
or  one  in  the  same  direction  as  the  battery  current,  is  induced 
in  the  wire  connecting  the  poles  of  the  battery,  whenever  the 
battery  circuit  is  broken.  To  show  the  existence  of  this  current 
at  the  moment  of  breaking  contact,  a  battery  may  be  arranged 
as  in  Fig.  217.     Two  wires  form  the  poles  of  the  battery,  b  and 


Fig.  217. 


The  Extra  Curreni.     The  Induction  of  a  ewrrent  on  itse^. 


e',  and  are  connected  with  the  two  binding  cups,  f  and  d,  at  the 
extremities  of  a  coil  of  long  fine  insulated  copper  wire.  At  the 
points  A  and  c,  on  the  wires,  two  other  wires  are  connected 
with  the  galvanometer  o,  so  that  the  current  from  the  pole  e, 
branches  at  A,  into  two  currents,  one  circulating  through  the 
coil  B,  and  the  other  through  the  galvanometer  6,  and  both 
returning  to  the  negative  pole  e'.  As  soon  as  the  current  cir- 
culates, the  galvanometer  needle  is  deflected  from  g  to  a,  show- 
ing  the  tendency  of  the  needle    to  move  in    that  direction: 

State  the  diffprance  of  effpct  in  oMng  a  short  and  a  long  wire  to  connect  the  poles  of  a 
battery.  Explain  it.  How  can  the  f xistenre  of  this  indaced  enrrrat  be  proved  T 
What  is  meant  by  the  e^tra  current?  What  eOecthas  it  upon  the  ilTidness  of  the  ^aik 
on  breaking  the  circuit?  on  completing  it? 
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^il  U  taen  brought  back  to  zero,  and  kept  there  by  the  insertion 
•of  a  pin  which  prevents  it  from  turning  in  the  direction  G  a, 
but  leaves  it  free  to  turn  m  the  opposite  direction.  Then  on 
breaking  contact  at  e,  the  needle  is  immediately  deflected  in 
the  direction  o  a',  showing  the  production  of  a  current  running 
contrary  to  that  of  the  battery  current ;  that  is,  from  c  to  a. 
But  the  battery  current  having  been  cut  off,  this  current  c  a 
must  traveree  the  closed  circuit  a,  f,  b,  d,  g  ;  that  is,  move  in 
the  same  direction  as  the  battery  current.  The  current  which 
thus  appears  when  the  battery  circuit  is  broken,  is  called  the 
extra  current,  or  the  direct  extra  current.  This  current  moving 
in  the  same  direction  as  the  battery  current,  greatly  heightens 
its  intensity,  and  accounts  for  the  vividness  of  the  spark  which 
is  produced  at  the  breaking  of  the  battery  circuit.  A  similar 
induced  current  is  also  produced  on  completing  the  battery  cii- 
cuit,  but  as  this  is  an  inverse  current  and  moves  in  the  contrary 
direction,  it  diminishes  the  intensity  of  the  battery  current,  and 
tlierefore  lessens  the  spark  which  appears  on  completing  the 
circuit,  and  accounts  for  its  feebleness. 

439.  Indnctioa  of  a  Secondary  current  In  the  Primary 
wire  itielf.  From  what  has  just  been  said,  it  appears  that 
whenever  the  connection  of  the  wires  joining  the  poles  of  the 
battery  is  made  or  broken,  a  secondary  current  is  induced  in 
the  primary  wire  itself.  This  induced  electrical  current  is  not 
derived  from  the  battery  current,  but  is  simply  a  portion  of 
the  natural  electricity  of  the  wire,  which  has  been  disturbed, 
decomposed  and  thrown  into  an  active  state  by  the  passage  of 
the  battery  current :  this  inductive  action  is  not  confined  simply 
to  the  wire  which  connects  the  poles,  but  also  extends  through 
the  battery  itself,  because  the  natuml  electricity  of  the  plates 
of  which  the  battery  consists  has  also  been  disturbed  by  the 
passage  of  the  galvanic  current  through  them,  and  the  electrical 
current  thus  induced  is  added  to  that  which  has  been  excited  in 
the  wire  joining  the  poles.  This  induced  current  being  nothing 
but  the  disturbed  natural  electricity  of  the  wire  and  battery,  its 
strength  afnd  quantity  must  depend  therefore  upon  the  amount  of 
matter  which  has  been  subjected  to  the  influence  of  the  battery 
current;  i.  e.,  upon  the  length  of  the  wire  and  the  number  of 
plates  in  the  battery  :  it  is  also  affected  by  the  manner  in  which 
the  wire  is  arranged,  whether  wound  into  a  coil  or  carried  direct 
between  the  poles ;  also  by  the  force  of  the  primary  current ; 

439  Is  there  &  mcondary  current  induced  in  the  primary  wire  Itfletf  ?  Whnt  in  the 
origin  of  this  earrent?  1b  it  confined  to  the  primary  wire  ?  Ou  what  does  its  strength 
%nd  quantity  depend  ?  .. 
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and  by  the  suddenness  with  which  it  is  broken.  Thus,  when 
the  poles  of  a  small  galvanio  battery  consisting  of  a  i^ingle  pair 
of  plates,  are  connected  by  a  copper  wire  of  a  few  inches  in 
length,  no  spark  is  perceived  when  the  connection  is  either 
formed  or  broken,  or  at  the  most  only  a  very  faint  spark  at  the 
moment  of  breaking  the  circuit ;  but  if  the  wire  be  thirty  or 
forty  feet  in  length,  a  bright  spark  appears  at  the  moment  when 
the  connection  is  broken,  though  none  is  seen  at  the  moment 
when  the  connection  is  made.  By  coiling  tlie  wire  into  a  helix 
the  vividness  of  the  spark  is  increased ;  and  a  still  greater  e^ 
feet  is  obtained  if  a  piece  of  soft  wire  is  introduced  info  the 
helix  and  converted  into  an  electro-magnet  This  inci  ease  of 
effect  when  a  coil  is  used  in  place  of  a  straiglit  wire,  seems  to 
be  due  to  the  inductive  action  of  the  adjoining  strands  ap(»i 
each  other,  as  though  they  were  fo  many  independent  wires ; 
for  it  must  be  remembered  that  the  secondary  current  is  not 
a  part  of  the  battery  current  which  is  rushing  through  tlie 
wire  as  through  a  conductor,  but  is  the  natural  electricity  of 
the  wire  itself  in  a  state  of  disturbance ;  and  the  greater  the 
disturbance  the  greater  the  strength  of  the  induced  current : 
the  breaking  of  the  battery  current  produces  a  disturbance 
of  the  natural  electricity  erf  the  wire,  which  is  propa^ted 
through  itd  whole  extent ;  and  then  if  this  wire  be  coiled  into  a 
helix,  the  induced  current  in  each  stniuil  is  increased  by  the 
inductive  influence  of  the  strands  on  each  side  of  it,  in  the  ^ame 
way  as  it  would  be  if  these  strands  were  separate  pieces  of 
wire  in  a  highly  excited  electrical  state  suddenly  broiiglit  near  it« 
The  increased  effect  imparted  to  the  current  by  the  introduc- 
tion of  the  soft  iron,  is  due  to  the  sudd<  n  di^^appearance  of  the 
magnetism  of  the  iron  as  soon  as  the  connection  is  broken,  the 
sudden  de-magnctization  of  an  electro-magnet  by  inteirupting 
th*  primary  current  which  actuates  it  being  always  accompanied 
by  the  production  of  a  secondary  current  in  the  same  direction 
with  the  primary,  as  will  be  more  fully  explained  presently,  §448. 
So  great  is  this  increased  eflfect,  that  though  a  battery  may  be 
so  weak  as  to  be  altojrether  unable  to  produce  any  shock  or 
emit  the  faintest  spark  when  its  extremities  are  connected  by  a 
short  wire,  the  instant  the  conducting  wire  is  lengthened  and 
coiled  into  a  helix,  within  which  a  n>d  of  soft  iron  is  placed,  in 
consequence  of  the  powerful  induction  which  takes  place,  tho 

GWe  AD  illnstratkMi.  ExpMn  th«  increiwed  effect  prodnced  hj  coiling  the  coiin«c4ii»f 
wire  ioto  » tivlix.  Expfaiin  the  increniNMl  efTiMt  on  iDwrdng  a  rod  of  noA  Iroa  i»U>  tho 
belix.  Give  expeiimenU  in  iUustnUioa.  1a  tboro  ttny  iliSknae*.  in  oObet  «&  mail  lag  and 
brealdog  cgnnection  ?  
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battery  current  on  breaking  contact  acquires  sufficient  intensity 
to  communicate  povtrerful  shocks  and  give  vivid  S|>ark8.  Tiiis 
is  conclusively  proved  by  the  following  experiments :  a  very 
small  compound  battery  was  formed  of  six  pieces  of  copper 
bell- wire,  each  about  1^  inches  long,  and  six  pieces  of  zinc 
of  the  same  size,  a  battery  altogether  too  small  to  give  the 
slightest  shock  or  the  faintest  spark  when  the  poles  wore  con- 
nected: the  connection  between  the  poles  was  then  made  by 
means  of  a  fine  copper  wire  one-Bixteenth  of  an  inch  in  diam- 
eter, thoroughly  insulated  by  a  cotton  covering,  five  miles  in 
length,  and  wound  upon  a  snoall  coro  of  aofi;  iron :  the  sho.'k  on 
breaking  connestion  between  the  poles,  with  this  arraugemjiit 
of  the  conducting  wire,  was*  distinctly  felt  at  the  same  nK>:nent 
hy  twenty-six  person^  who  had  fi>rmed  a  circle  by  joining  hand^ 
and  were  placed  in  such  a  manner  as  to  form  a  part  of  tiie  gal- 
vanic ctrenit:  the  shock  felt  by  the  sama  persons  o.i  making 
contact  with  the  battery,  was  liardly  perceptible.  A  current  is 
likewise  produced  when  contact  is  made,  but  it  is  by  no  means 
as  powerful,  and  is  in  a  direction  oppoMte  to  that  of  the  bateiy. 
A  thermo-electric  battery  which  is  ordinarily  too  weak  to  fur- 
nish sparks,  can  be  made  to  do  so  on  breaking  oontact,  by  means 
of  a  coil  wound  upon  an  iron  axis.  In  the  case  of  the  lai^a 
magnetic  helix  constructed  by  Dr.  Page,  described  in  §426, 
the  length  of  the  terminal  secondary  or  separation  s^mrk,  whfjn 
the  battery  current  was  broken  wa?  immense :  when  the  bat- 
tery was  allowed  to  attain  its  full  power,  the  sudden  separation 
of  the  wire?  produced  sparks  eight  inches  in  leng  h :  when  the 
separation  was  slow,  the  sparks  wei*e  short  and  spread  out  more 
like  fiame.  The  efi^ct  is  still  further  ihcrea^  if  the  sofl  iron, 
instead  of  being  solid,  ooniists  of  a  bundle  of  straight  wires. 
To  observe  the  effects  of  the  induced  extra  current  in  the 
primary  wire,  suitable  wires  may  be  attached  at  a  and  c.  Fig. 
217,  in  place  of  the  galvanometer:  and  thus  it  may  be  shown 
that  this  direct  extra  current  gives  violent  shocks  and  bright 
sparks,  decomposes  water,  melts  platinum  wire,  and  magnetizes 
steel  needles.  The  brilliancy  of  the  spark  is  much  incrt^ased 
by  employing  a  ribbon  of  sheet  copper  coiled  into  a  spiral,  in- 
stead of  a  helix  of  insulated  wire.  There  is  a  difference  in 
the  character  of  the  extra  current  when  a  coil  of  fine  wire  is 
employed,  from  that  which  is  produced  with  a  ribbon  coil.     In 

Wh*t  wu  the  Unagth  of  the  Bptak  produced  by  Dr.  Pime's  large  b«llx  ?  Whet  is  the 
effect  cf  sabetltuting  iroa  wiraa  Ibr  the  solid  iron  rod  ?  Uow  may  the  elTecto  of  the  in> 
duced  ext-acurrent la  the  prlmnry  wire  lie  displayed  ?  What  are  Uieee  effieete?  What 
kt  tko  effect  of  substituting  a  coii  of  One  wire  for  a  ribbon  coil  ? 
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the  former  case,  it  is  more  intense,  gives  more  violent  shocks, 
.  and  efTects  chemical  decomposition  more  rapidly :  in  the  latter, 
it  is  of  greater  quantitj,  pves  more  vivid  sparks,  and  exerts 
greater  heating  power.  These  direct  and  inverse  extra  cur- 
rents, produced  when  the  connection  of  the  primary  wire  is 
broken  or  made,  are  not  confined  to  the  wire,  but  extend 
throuj^h  the  whole  series  of  the  battery,  and  increase  in  power 
with  the  extent  of  the  series.  They  are  probably  due  to  the 
sudden  polarization  and  discharge,  §312,  of  all  the  molecules 
in  the  secondary  circuit,  on  completing  connection,  and  to  the 
sudden  de-polarization  and  discharge  in  the  opposite  direction, 
on  breaking  connection.  It  will  be  remembered  that  they  do 
not  exist,  so  long  as  the  primary  current  circulates  continu- 
ously through  the  battery.  They  spring  into  action  momen- 
tarily only,  the  instant  this  continuity  is  interrupted. 

440.  Induced  Tertiary  currents.  Induced  currents  of 
higher  erdere.  Henry's  Ceils.  The  secondary  current  which 
is  induced  by  the  primary  current  of  the  battery,  may  be  used  to 
induce  a  tertiary  current,  and  this  tertiary  a  quaternary  current, 
and  so  on.  Thus,  in  Fig,  218,  let  l,  represent  one  cell  of 
DanielPs  battery,  and  A,  a  primary  coil  of  copper  ribbon  carry- 
ing the  battery  current:  let  the  secondary  coil  be  placed  imme- 
diately over  it,  and  its  two  extremities  be  extended  so  as  to 
connect  with  the  extremities  of  a  third  coil,  B :  these  two  coils 
will  in  effect  form  a  closed  circuit,  and  constitute  but  one  second- 
ary circuit :  then  immediately  above  b,  let  another  ribbon  coil 
be  placed,  whose  extremities  are  extended  so  as  to  connect 
with  the  coil  o :  these  two  coils  will  in  effect  form  but  one 
closed  circuit  carrying  the  tertiary  current :  immediately  above 
c,  let  another  ribbon  coil  be  placed  whose  extremities  are  ex- 
tended so  as  to  connect  with  those  of  the  coil  D :  these  two 
coils  will  in  effect  ibrm  but  one  cloFed  circuit  carrying  the 
quaternary  current :  immediately  above  D,  let  another  ribbon 
coil  be  placed  the  extremities  of  which  are  connected  with  the 
galvanometer  o:  these  two  coils  will  in  effect  form  but  one  cir- 
cuit carrying  the  quinquenary  current  When  the  connection 
of  the  primary  coil  a,  with  the  battery  is  formed  or  broken, 
a  current  will  be  induced  simultaneously  in  all  the  coils,  but 
inversely  in  each  pair.  Thus,  if  the  connection  of  the  coil  A, 
with  the  battery  be  completed,  a  secondary  current  of  negative 
electricity  will  be  induced  in  the  roil  B ;  a  tertiary  current  of  pos- 

440.  Rho'whoTT  indnced  tertiary  currenta  may  bo  produce! :  cuitpt!*^  of  b'^^er  orders. 
Stttttt  tiM  rulatioDii  of  tliese  curreat4  wliou  tho  coauoctloa  witii  ta«  battery  Ucitibli  had; 
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^^^  ^•^'  itive  electricity,  moving  in  the  opposite 

direction,  in  c;  a  quaternary  current 
of  negative  electricity,  moving  in  the 
same  direction,  in  D ;  and  a  quinquen- 
aiy  current  of  positive  electricity,  mov- 
ing in  the  oppo.^te  direction,  in  the  last 
coil,  as  shown  by  the  galvanometer. — 
On  breaking  the  connection  of  the  pri- 
mary coil  with  the  battery,  currents 
will  be  induced  siraultaneou'^Iy  m  all 
the  coils,  but  in  the  inverse  direction ; 
in  the  secondary  coil  they  will  be  posi-. 
tive,  in  the  tertiary  negative,  in  the 
quaternary  positive,  in  the  quinquenary 
negative.     By  an  extension  of  ihe  se- 
ries, currents  even  of  the  ninth  order 
have  been  obtained,  the  successive  cur- 
rents   being   alternately  positive  and 
negative,  direct  and  invc^rse.     These 
coils    are   generally   called    Henry's 
coib,  after  Prof.  Henry  who  first  in- 
vestigated this  subject     They  can  bo 
made  to  give  currents  of  quantity  or 
intensity,  according  as  they  are  cora- 
poHjd  of   copper    ribbon   or  a  great 
length  of  fine  insulated  wire.     The  two 
curi*ents,  direct  and  inverse,  through- 
out the  whole  series,  are  exactly  equal 
in  quantity.      They  can  be    induced 
even  if  the  coils  are  considerably  sefn 
arated  fVom  each  other,  though  the  ef- 
fect   is   diminished  by  distance,    and 
lift    even    when    glass    plates   are    inter- 
posed, but  they  are  destroyed  by  the 
interposition  of  a  plate  of  metal  in  any 
part  of  the  series.     They  progressively 
diminish  in  energy  from  the  beginning 
to  the  end  of  the  series.     The  tertiary 
currents  may  be  very  satisfactorily  ex- 
hibited by  introducing  a  second  double 
Henry^s  Coiu.  ^^^^» '°  ^^Sf'  ^14,  between  p,  and  the 

irbea  it  is  broken.  By  wUom  woa  the  ditcoTery  made  ?    Gtre  Ute  bistoiy  of  the  dlBoorer^, 
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battery,  and  connecting  the  outer  helix  of  the  second  pair,  with 
the  inner  helix,  p,  of  the  first ;  on  every  completion  and  break 
of  the  battery  circuit,  a  secondary  current  will  circulate  in  p, 
and  a  tertiary  current  in  the  opposite  and  in  the  same  direc- 
tons  alternately,  will  be  induced  in  the  outer  coil,  s,  as  shown 
by  the  galvanomoter.  Shocks  may  also  be  obtained,  which 
may  be  increased  by  placing  a  bundle  of  iron  wires  within  the 
helix,  as  shown  in  Fig.  222.  In  the  following  table  the  direc- 
tion of  the  successive  induced  currents,  both  at  the  e>tablishment 
and  break  of  the  battery  current  are  given :  the  sign  +  indi- 
cating those  which  flow  in  the  same  direction  as  the  Imttery  cur- 
rent, and  the  sign  —  those  that  flow  in  the  opposite  direction. 

Ta&/0  of  the  direction*  of  the  induced  citrrent*^  up  to  the  ninth  order. 

At  the  beginning        At  Ums  ending. 

Primary  current,       -+-  -h 

Secondary,       —  H- 

Tertlary, -h  — 

Quaternary, —  H- 

Quinqucnary, r+-  — 

Septenary, —  4- 

Septeiiary, H-  — 

Eighth  order, —  H- 

Kinth  orderj 4-  — 

441.  History  of  the  discovery.  This  induction  of  a  second- 
ary ouin^ni  in  the  primary  wire  itself,  the  peculiar  action  of 
a  long  conducting  wire,  either  straight  or  coiled  into  a  helix, 
and  the  increase  of  effect  obtained  by  a  nbbon  of  sheet  copper, 
were  discovered  in  1831,  by  our  countryman^  Prof.  Heniy,  now 
of  the  Smithsonian  Institute,  and  published  in  the  22d  volume 
of  Silliman's  Journal.  The  investigation  was  continued  by  him 
in  1834,  and  the  results  were  communicated  to  tlie  American 
Philosophical  Society  of  Philadelphia,  January  16th,  1835,  and 
were  published  in  a  circular  of  thai  Society  dated  Feb.  1835, 
and  reprinted  in  the  Journal  of  the  Franklin  Institute,  vol.  XV. 
The  same  discovery  was  also  made  by  Mr.  Faraday,  his  atien- 
tion  having  been  called  to  the  primary  fact  of  the  increase  of 
effect  produced  by  using  a  long  wire,  and  especially  one  wound 
round  an  electro-magnet,  to  connect  the  poles  of  a  battery,  by  a 
young  man  named  Willam  Jenkin,  and  was  communicated  by 
him  to  the  Royal  Society  in  a  paper  received  Dec  18th,  1834, 
and  read  January  29th,  1835,  entitled  "On  the  influence  by 
induct-on  of  the  electric  current  upon  itself."  In  this  paper 
many  new  facts  were  given,  but  the  credit  of  the  original  discov- 
ery in  1831,  clearly  betongs  to  Prof.  Henry. 
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442.  Masneto-electric  Induction.  The  induction  of  a 
current  of  electricity  13  not  limited  to  the  primary  current  of  the 
battery :  a  similar  current  is  also  induced  by  the  action  of  a 
porraanent  magnet  upon  a  closed  wire,  and  also  by  the  action 
of  an  electro-magnet  actuated  by  a  primary  battery  current. 
The  former  is  called  Magneto-electric  induction ;  the  latter, 
Volta-raagneto-electric  induction.  In  the  ca<e  of  magneto-elec- 
tric induction,  the  conditions  necessary  to  induce  the  secondary 
current,  are  as  follows.  There  must  be  a  closed  circuit,  with  a 
galvanometer  included  for  the  purpose  of  indicating  the  exist- 
ence of  the  current,  as  in  the  case  of  volta-electric  induction, 
§433,  and  then  a  j»tron«j  magnet  must  be  rapidly  brought  near, 
and  removed  from  the  closed  wire.     Thus,  in  Fig.  219,  a  contiix- 

Fig.  219. 


Uagtuto-BUetric  Induction, 

uous  wire,  carefully  insulated  by  silk,  is  wound  into  a  helix,  and 
\ts  two  ends  are  connected  wi»h  a  galvanometer  in  such  a  way 
as  (o  form  a  closed  circuiL  On  introducing  a  powerful  magnet 
into  the  interior  of  the  helix,  which  is  made  hollow  for  this  pur- 
pose, the  needle  experiences  a  violent  deflection,  showing  the 

442,  AVhat  la  Electro-magnetic  Induction?  What  la  Volta-electriclndnctkm ?  How 
gm  the  Induction  of  electricity  by  a  mafmet  be  proviMl?  Describe  the  experiin«Dti. 
Wny  must  the  magnet  uot  be  introduced  more  than  half  wa,y  ? 
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production  of  a  current  of  electricity  in  the  inverse  direction 
from  that  which  is  circulating  around  the  magnet,  according 
to  the  theory  of  M.  Ampere,  §404.  The  magnet  being  allowed 
to  remain  motionless  in  the  helix,  in  a  few  moments  the  needle 
resumes  a  stable  position;  but  if  the  magnet  be  rapidly  wiih- 
dmwn  from  the  helix,  the  needle  is  immediately  deflected, 
and  indicates  an  electrical  current  in  the  wire  the  reverse  of 
the  previous  one,  but  in  the  same  direction  as  that  in  the  mag- 
net. If  the  magnet,  instead  of  being  placed  within  the  helix, 
be  merely  passed  over  it  rapidly,  the  eflfect  is  the  same.  It  is 
also  found  that  in  performing  these  experiments  care  must  be 
taken  not  to  introduce  the  magn(*t  more  than  half  way  into  the 
helix ;  for  if  passed  wholly  through  at  one  motion,  the  galvan- 
ometer needle  is  deflected,  is  then  suddenly  stopped  as  by  a 
blow,  and  finally  is  deflected  in  the  opposite  direction :  the  move- 
ment of  the  needle  is  reversed  because  as  the  magnet  advances 
and  appears  at  the  opposite  extremity  of  the  coil,  it  comes  at 
last  to  produce  the  same  effect  as  withdrawing  a  magnet  from  a 
helix,  when,  as  ha^  been  stated,  a  current  the  revere  of  the 
first  is  produced.  It  is  aLo  found  that  the  two  poles  of  the 
magnet  pro<luce  currents  in  opi)osite  directions,  i.  e.,  if  the  north 
j)ole,  on  being  introduced  into  the  helix,  produces  a  current  from 
left  to  right  as  shown  by  the  galvanometer,  the  south  pole,  on 
Ixnng  introduced  into  the  same  helix,  will  induce  a  current  in 
the  opposite  direction,  or  from  right  to  left.  It  is  also  found, 
that,  the  ix)le  of  the  magnet  remaining  the  same,  the  winding 
of  the  coil  to  the  right  or  the  left,  reverses  the  direction  of  tlie 
current:  thus,  when  the  north  pole  of  a  magnet  is  introduced 
into  a  right-hand  helix,  the  induced  current  as  shown  by  the 
galvanometer,  will  be  in  the  inverse  direction  to  that  which  is 
induced  when  the  same  pole  is  introduced  into  a  left-hand  helix. 
443.  Electricity  alio  Indnced  by  Indaced  Wagnetifiii. 
The  same  effect  may  be  produced  by  the  rapid  making  and 
unmaking  of  a  magnet  by  means  of  induction.  If  a  piece  of 
soft  iron  be  inti-oduced  into  the  helix.  Fig.  219,  instead  of  a 
permaient  magnet,  and  a  powerful  bar  magnet  be  brought 
near  the  piece  of  soft  iron,  so  as  to  induce  magnetism  in  it, 
we  find  tlie  same  result  produced  as  would  be  if  a  perma* 
nont  magnet,  having  similar  poles,  were  introduced  into  the 
helix.  In  Fig.  220,  if  N,  s,  be  a  powerful  horse-shoe  magnet, 
and  n, «,  be  a  piece  of  soft  iron  having  a  short  piece  of  insulated 

>Vliat  In  the  Inductive  effect  of  the  opposite  polos  ?  What  Is  the  effcct  of  rererrinff  tb«i 
windini;  of  the  coll  ? — 443.  How  may  electricity  he  Induced  by  Induced  magiietTiqn  X 
llow  uiu  an  electric  ftpark  be  obtained  from  a  magnet  ?     Ikacribt  Fi^s.  ZfO  and  2a1. 
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The  ISfetrie  Spark  obtained  from  a  Magnet, 


wire  wound  around  it,  the  two  ends  of  which,  a,  h,  are  brou;»ht 
together  so  as  to  nearly  touch,  then,  whenever  the  piece  of  soft 
iron,  n, «,  is  brought  down  on  the  raagnc^t  and  becomes  magnet- 
ized by  induction,  a  ciirrent  of  electricity  is  generated  in  the  coil, 
and  a  bright  spark  flashes  between  the  extremities,  a,  b:  a  sim- 
ilar spark  takes  place  whenever  the  soft  iron  bar  is  raised  from 
the  magnet  and  its  induced  magnetism  disappears.  Again,  if  c 
in  Fiff.  221,  be  a  bar  of  soft  iron,  curved  and  wound  with  wire, 
the  two  extremities  of  which  are  con- 
nected with  a  galvanometer,  placed  at 
some  distance,  and  not  seen  in  the  figure, 
on  bringing  the  powerful  horse-shoe 
magnet,  n,  s,  rapidly  near  the  extremi- 
ties, A,  B,  of  the  Foft  iron,  the  bar  o 
immediately  becomes  magnetized  by  in- 
duction, and  at  that  instant  a  powerful 
deflection  is  made  in  the  needle  by  the 
electrical  current  induced  in  the  wire: 
the  needle  soon  regains  its  equilibrium, 
but  the  instant  that  N,  8,  is  removed,  and 
B«ct/i:«/j^«/w  fcy  iHdmtd    ^^  ccascs  to  be  magnetized  by  induction. 
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there  i?*  a  second  violent  deflectfen  of  the  needle,  showing  the 
pixxluction  of  a  current  of  electricity  in  the  opposite  direction. 

444.  History  of  the  diieovery  of  Magaoto^loctiicity. 
Tlie  induction  of  electricity  by  magnetism  was  the  discov- 
ery of  Mr.  Faraday,  in  1831.  His  original  experiment  was 
arranged  as  follows. — "  A  combination  of  helices  like  that  al- 
ready described,  §434,  was  constructed  upon  a  hollow  cylinder 
of  paste-board ;  there  were  eight  lengths  of  copper  wire,  contain- 
ing altogether  220  feet :  all  the  similar  ends  of  the  compound 
ho  low  helix  were  bound  together  by  copper  wire,  forming  two 
terminations,  and  these  were  connected  with  the  galvanometer. 
One  end  of  a  cylindrical  magnet,  three-quarters  of  an  inch  in 
diameter  and  eight  inches  and  a  half  in  length,  was  introduced 
into  the  axis  of  the  helix,  and  then,  the  galvanometer  needle 
having  become  stationary,  the  remainder  of  the  magnet  was 
suddenly  thrust  in;  the  needle  was  immediately  deflected  in 
the  manner  in  which  it  ought  to  be  according  to  Ampere's  the- 
ory :  being  left  in,  the  needle  resumed  its  former  posit'on,  and 
then,  the  ma<rnet  being  withdrawn,  the  needle  was  deflected  in 
the  opposite  direction :  these  eflects  were  not  great,  but  by  intro- 
ducing and  withdrawing  the  magnet  fo  that  the  impulse  each 
time  sliould  be  added  to  tho?e  primarily  communicated  to  the 
npedle,  the  latter  could  be  made  to  vibrate  through  an  arc  of 
180°  or  more.  In  this  experiment,  the  magnet  must  not  be 
passed  entirely  through  the  helix,  for  then  a  second  action 
occurs.  When  the  magnet  is  introduced,  the  galvanometer 
needle  is  deflected  in  a  certain  direction ;  but  being  in,  whether 
pushed  quite  through  or  withdrawn,  the  needle  is  deflected  in  a 
direction  the  reverse  of  that  previously  produced.  When  the 
magnet  is  passed  in  and  through  at  one  continuous  motion,  tlie 
needle  moves  one  way,  is  then  suddenly  stopped,  and  finally 
moves  the  other  way." — "  Similar  effects  were  then  produced  by 
the  sudden  induction  of  magnetism  in  sofl  iron.  A  eoH  iron 
cylinder  was  introduced  into  the  axis  of  the  hollow  helix:  a 
cou;)le  of  bar  magnets,  each  twenty-four  inches  long,  were  ar- 
ranged with  their  opposite  poles  in  contact  at  one  end,  and  then 
spread  out  fo  that  their  other  poles  might  be  put  in  rontaet 
with  the  extremities  of  the  sofl  iron  cylinder,  one  pole  being  at 
one  extremity  of  the  helix,  and  the  other  at  the  other  extremity, 
so  OS  to  embrace  the  iron  core,  and  convert  it  into  a  magnet  by 
induction :  on  breaking  contact,  or  reversing  the  poles,  the  mag- 

444.  Who  diflcoTored  the  in<1uo'.|oD  of  electricity  by  mi(go*d«n?    Describe  hto  od^ 
iBul  experiweot.    How  were  tbe  helices  arranged  ? 
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netisra  was  destroyed  or  reversed  at  pleasure.  On  making 
contact,  the  needle  was  deflected ;  continuing  contact,  the  need)© 
became  indifferent,  and  resumed  its  first  position :  on  breaking 
contact,  it  was  again  deflected,  but  in  the  opposite  direction  to 
the  first  effect,  and  then  it  became  indifierent :  when  the  mag- 
netic contacts  were  reversed,  the  deflections  were  reversed." 

445.  An  Blettro-nuifirnet  mairnotizod  and  de-mairnetis^f 
will  induce  Biectrieity  in  n  doied  Wire.— VoUa-mngntfto-elec- 
trie  Indnctien.  In  like  manner,  if,  in  JFig,  214,  intended  to 
illustrate  Volta-electric-induction,  a  bar  of  soft  iron  be  intro- 
duced into  the  centre  of  the  primary  coil,  then,  on  establishing 
connection  with  the  battery,  not  only  is  there  a  secondary 
current  produced  in  the  outer  coil,  on  completing  and  breaking 
the  circuit  in  the  primary  coil,  but  also  an  additional  secondary 
current  in  the  same  direction  as  the  first,  by  the  magnetization 
and  de-magnetization  of  the  bar  of  soft  iron,  which  takes  place, 
whenever  the  connection  of  the  inner  coil  with  the  battery  is 
made  and  broken.  The  strength  of  this  induced  current  will 
be  proportioned  to  the  power  of  the  battery,  to  the  length  and 
fineness  of  the  secondary  wire,  and  also  to  the  size  of  the  soft 
iron  rod  employed,  and  the  power  of  the  electro-magnet  pro- 
duced. The  power  of  an  electro-magnet,  other  things  being 
equal,  depending  upon  the  extent  of  surface  which  it  presents, 
if  the  bar  employed  be  very  small,  and  introduced  only  a  short 
distance,  only  a  feeble  electro-magnet  will  be  produced,  and  a 
comparatively  feeble  secondary  current  generated.  If  the  rod 
be  large,  and  introduced  to  the  extreme  end  of  the  coil,  its  elec- 
tro-magnetic power  will  be  proportionately  inci*ea.<ed,  and  also 
the  strength  of  the  secondary  curi-ent.  A  bundle  of  wires  is 
found  to  produce  much  greater  effect  than  a  Folid  iron  roJ,  and 
this  is  proportioned  to  the  number  of  the  wii-es  employed. 
This  affords  a  very  convenient  mode  of  regulating  the  power 
of  the  secondary  current ;  commencing  with  one  wire,  the 
strength  of  the  induced  current  will  be  increased  by  every  suc- 
cc/ssive  wire  that  is  added.  Tlius,  in  Fig,  222,  if  p  represent 
the  primary  coil,  8  the  secondary  coil,  and  o  the  galvanometer, 
the  strength  of  the  secondary  current  induce<l  by  making  and 
breaking  contact  with  the  battery,  will  be  greatly  increased 
with  the  addition  of  every  wire  that  is  introduced  into  p,  indi- 
cated by  the  deflection  of  the  needle  and  strength  of  the  shocks. 

445  What  U  the  effect  of  milking  and  aninakinf(  an  electro-magnet  within  a  helix  * 
What  ia  the  efl^t  of  increaaing  the  siae  of  the  soft-iron  core?  of  using  wirea  i 'tatted  of 
an  iron  rod  7    Deaerihe  Fig.  222    Uow  can  the  atrcngth  of  the  ahocka  be  regulated  ? 
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The  strength  of  the  Induced  Current  proportioned  to  the  number  of  wires  employed. 


If  a  bar  of  copper  were  introduced  into  the  coil,  instead  of  an 
iron  bar,  or  wires,  the  current  would  not  be  stronger  than  if  the 
two  coils  alone  were  employed.  Thus  we  may  make  use  of  tlie 
electricity  of  the  primary  coil  to  induce  both  electricity  ami 
magnetism,  and  then  employ  the  magnetism  so  induced  to  add 
to  the  force  of  the  induced  secondary  current  of  clertricity. 

446.  History  of  the  discovery  of  the  Indaction  of  electric- 
ity by  Electro-magnetism.  This  was  also  the  dis«  overy  of  Mr. 
Faraday,  in  1831.  His  original  experiment  was  arranged  as 
follows. — "A  welded  ring,  Fig,  223,  was  made  of  soft  round  bar- 
iion,  metal  being  seven-eighth's  of  an 
inch  in  thickness,  and  the  rinnr  six 
inches  in  external  diameter.  Three 
helices  were  put  round  one  part  of 
tliis  ring,  each  containing  about  twen- 
ty-four feet  of  copper  wire,  l-20lh 
of  an  inch  thick :  they  wei^  insulated 
from  the  iron  and  from  each  oilier, 
and  superimposed,  occupying  about 
nine  inciies  in  length  upon  the  ring, 
or  somewhat  less  than  one-half  of 
the  circumference :  they  were  arranged  so  as  to  be  used  sepa- 
rately or  conjointly.     On  the  other  half  of  the  ring  about  sixty 


Faraday^s  Mneneto-Eectric 
Kifig. 


44*^    Who  diwovered  the  induction  of  electricity  by  e1ectro-ina|meti9m  ?    Describe  lite 
origiual  experiment.    Uow  were  ttie  helices  vrouud  upon  the  iron  ring  ? 


Digitized  by  VjOOQ IC 


OP  THE   DISCOVERT.  ii§ 

feet  of  similar  copper  wire,  in  two  pieces,  were  applied  in  the 
same  manner,  also  carefully  insulated  fiom  the  iron  and  fix)m 
each  other,  and  forming  a  helix  which  had  the  same  common 
direction  with  the  former  helices,  but  separated  from  them  by 
about  half  an  inch  of  the  uncovered  iron  at  each  extremity,  m,  bi. 
This  latter  helix,  a,  b,  was  connected  by  copper  wires  with  a 
galvanometer,  three  feet  from  the  ring,  so  as  to  c*onstitute  a 
closed  circuit.  The  first  helices,  c,  d,  were  then  united,  end 
to  end,  so  as  to  form  one  common  helix,  the  extremities  of  wh'ch 
were  connected  wiih  a  battery  of  ten  pairs  of  plates,  four  inches 
square.  The  galvanometer  was  immediately  affected,  and  to 
a  much  greater  degree  than  when  a  battery  of  helices  of  ten- 
fold power,  not  wound  round  soft  wire,  were  employed :  but, 
although  the  connection  with  the  battery  was  continued,  the 
effect  was  not  permanent,  for  the  galvanometer  needle  soon 
came  to  rest  in  its  natural  position,  as  if  quite  indifferent  to  the 
attached  electro-magnetic  arrangement.  Upon  breaking  con- 
nection with  the  battery,  the  needle  was  again  powerfully  de- 
flected, but  in  the  contrary  direction  to  that  induced  in  the  first 
instance.  Upon  arranging  the  apparatus  so  that  the  la^t  helix 
should  be  thrown  out  of  action,  and  connecting  the  galvanom- 
eter with  one  of  the  three  helicei  of  the  first  series,  the  other 
two  being  separated  from  it  and  joined  tog?ther,  so  as  to  form 
one  helix,  and  connecting  this  with  the  battery,  similar,  but 
rather  more  powerful,  effects,  were  produced  upon  the  g'llvan- 
ometer  needle.  When  the  battery  current  was  sent  through, 
the  helix  in  one  direction,  the  galvanometer  needle  was  deflected 
on  the  one  side ;  if  sent  through  in  the  other  direction,  the  de- 
flection was  on  the  other  side.  The  deflection  on  breaking  the 
connection  with  the  battery,  was  always  thfj  reverse  of  that  pro- 
duced on  completing  iL  On  making  contact,  the  deflection 
always  indicated  an  induced  current  moving  in  the  opposite 
direction  to  that  of  the  battery,  but  on  bi'eaking  contact,  the 
deflectiqn  indicated  an  induced  current  moving  in  the  same 
direction  as  that  of  the  battery.  No  continuance  of  the  battery 
current  caused  any  deflection  of  the  galvanometer  needle.  Ko 
making  or  breaking  connection  on  the  galvanometer  side  of  the 
ari'angement,  produced  any  effect  on  the  needle.  Upon  using 
the  power  of  o  le  hundred  pairs  of  plates  with  this  ring,  tlie 
impulse  when  contact  was  completed  or  broken,  was  so  great  as 
to  make  the  needle  spin  round  rapidly  four  or  five  times,  before 

What  was  the  effect  on  forming  connection  with  the  battery?  on  breaking  connection  T 
on  reverting  thecarrent?  What  wat  the  second  arrangemeot  ?  Which  waa  found  to 
be  the  mo«t  powerful  ? 
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its  motion  was  reduced  to  mere  osoilladon,  bj  Ihe  operatioii 
of  the  air  and  terrestrial  magnetism.  Anotlier  airangement  was 
then  employed,  connecting  our  former  experiments  on  Volta- 
electric  induction  with  the  pi'esent.  A  combination  of  helices 
like  those  already  described,  §434,  was  constructed  upon  a 
hollow  cylmder  of  paste-board:  there  were  eight  lengths  of 
copper  wire,  containing  altogether  about  220  feet ;  four  of  these 
helices  were  then  connected  end  to  end,  and  then  with  the  gal- 
vanometer: the  other  intervening  four  were  ali'O  connected  end 
to  end,  and  the  battery  of  one  hundred  pairs  discharged  through 
them.  In  this  form,  the  efiect  on  the  galvanometer  was  hardly 
sensible,  although  magnets  could  be  made  by  the  induced 
currenL  But  when  a  soft  iron  cylinder,  seven-eighths  of  an 
inch  thick  and  twelve  inches  long,  was  introduced  into  the 
pa^te-board  tube,  surrounded  by  the  helices,  then  the  induced 
current  affected  the  galvanometer  powerfully,  and  with  all  the 
phenomena  just  described:  it  possessed  also  the  power  of 
making  magnets  apparently  with  more  energy  than  when  no 
iron  cylinder  was  present  "When  the  iron  cylinder  was  re- 
placed by  an  equal  cylinder  of  copper,  no  effect  beyond  that  of 
the  helices  alone  was  produced.  The  iron  cylinder  arrangement 
was  not  so  powerful  as  the  ring  arrangement  already  described." 
M7.  A  Bbignet  will  induce  Blectricity  in  a  body  in  ma- 
tioii :  and  a  Kagnet  in  motion  will  indace  IQeetiioity  in  a 
body  at  rest«— Arab's  Rotations*  If  a  circuUr  disc  of  cop- 
per, M,  Fig.  224,  be  made  to  revolve  with  great  rapidity  beneath 


Fig.  224. 


Arago's  Rotations, 


a  magnetic  needle,  n,  «,  supported  upon  a  flat  piece  of  gla«P  and 
in  the  same  horizontal  plane,  the  needle  will  be  deflected  in  the 

447-  Whfkt  is  the  eObct  of  a  magnet  upon  a  body  In  motion  ?  of  a  magnet  In  moCloa 
vpoaaboOyatreatv 
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diredion  of  the  motioi^  and  stop  from  20^  to  SO''  ont  of  the 
diitsction  of  the  magnetic  meridian,  according  to  the  veloc'tj 
or  the  motion.  If  the  velocity  be  increased,  the  needle  is  ulri- 
matelj  deflected  more  than  90° :  it  is  then  carried  beyond  this 
point,  describes  an  entire  revolution,  and  finally  follows  the  mo- 
tion.of  the  disc  nntil  this  ceases.  Conversely,  if  a  horse-shoe 
magnet  placed  vertically  be  made  to  rotate  below  a  copper  disc 
suspended  on  untwisted  silk  threads,  the  disc  will  rotate  in 
the  same  direction  as  the  magnet.  The  effect  decreases  with 
the  distance  of  the  disc,  and  varies  with  the  material :  the  great- 
est cfllect  is  produced  by  the  metals ;  with  wood,  glass  and  water, 
it  disappears :  if  the  action  on  copper  be  represented  by  100, 
that  on  other  metals  is  as  follows :  zinc  95,  tin  46,  lead  25,  anti- 
mony 9,  bismnth  2 :  if  the  disc  be  slit  in  the  direction  of  the 
radius,  the  effect  is  mach  reduced,  bat  is  restored  if  a  connection 
be  completed  again  by  soldering.  These  rotations  were  first 
observed  by  M.  Arago,  in  1825,  afler  whom  they  have  been 
named.  He  also  noticed  that  the  presence  of  a  mass  of  unmag- 
netic  metal,  like  copper  at  re«t,  diminishes  the  number  of 
oscillations  which  a  magnetic  needle  make^  in  a  given  time :  in 
the  case  of  copper,  the  number  is  reduced  from  3o0  to  4.  Mr. 
FaraJay,  in  1831,  observed  the  converse  of  this,  viz:  that  the 
presence  of  a  magnet  at  rest  diminishes  the  motion  of  a  rotating 
mass  of  metal,  and  finally  destroys  it :  if  a  cube  of  copper  be 
suspended  by  a  twisted  thread,  so  as  to  rotate  rapidly  between 
the  poles  of  an  unactuated  electro-magnet,  it  stops,  the  instant 
the  electro-magnet  is  excited  by  the  battery  current.  These 
facts  were  first  explained  by  Mr.  Faraday,  in  1831 .  He  showed 
that  they  are  due  to  the  secondary  electrical  currents  which  are 
induced  in  the  discs  of  metal  by  the  action  of  magnets,  either 
the  metal  or  the  magnet  being  in  motion.  He  found  in  all  cases, 
that  whenever  a  plate  of  conducting  metal  is  maile  to  pass 
either  before  a  single  pole,  or  the  opposite  poles,  of  a  magnet, 
so  as  to  cut  the  magnetic  curves  at  nght  angles,  electrical  cur- 
rents are  produced  in  the  metal  at  right  angles  to  the  direction 
of  the  motion :  in  the  case  of  the  revolving  disc,  the  directfon  of 
these  currents  U  from  the  centre  to  the  circumference,  following 
the  direction  of  the  radii :  it  is  to  the  operation  of  these  induced 
current^,  that  the  effects  in  question  are  due.  The  magnetic 
curves  here  spoken  of,  are  curved  lines  of  magnetic  force  which 
pass  through  the  axis  of  a  magnet,  or  the  line  joining  the  poles. 

Describe  ArAgo^f  rotaUont.    CUye  Mr.  Fvadajr^f  explanatton.    What  are  tii«  magiuitto 
•orTM?  ^^ 
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Tk4  S^agtuHc  Curves. 


^'g-  -^-  and  in  the  same  plane 

with  this  line,  Ft(^.  225. 
Whenever  these  curved 
lines  of  magnetic  force 
are  cut  by  the  move- 
ment across  them  of 
any  mass  of  matter 
which  is  an  electrical 
conductor,  as  a,  h,  in 
the  Fig,,  whether  it  be 
a  disc,  a  mass  of  metal^ 
or  a  wire,  induced  sec- 
ondary currents  of  electricity  are  produced. 

448.  The  BSaifiietiim  of  the  Earth  induces  seeondaxy 
cnrrenti  of  Electricity  in  metallic  bodies  in  motion.  Terres- 
trial magnetism,  acting  like  an  immense  magnet  placed  in  the 
earth,  occupying  the  direction  of  the  dipping  needle,  and 
according  to  Ampere's  theory,  §403,  operating  like  a  series  of 
electrical  currents,  flowing  from  east  to  west  parallel  to  the 
magnetic  equator,  will  develop  induced  electrical  currents  in 
wires  or  metallic  bodies  that  are  moved  across  the  magnetic 
axis  of  the  earth  parallel  to  the  equator,  and  cutting  the  mag- 
netic curves.  This  was  proved  in  1831,  by  Mr.  Faraday,  by 
placing  a  long  helix  of  copper  wire  covered  with  silk,  in  the 
p!ane  of  the  magnetic  meridian,  directed  towards  the  magnetic 
pole  of  the  earth,  and  parallel  to  the  dipping  needle :  by  turning 
this  helix  180°  degrees  around  its  longitudinal  axis,  so  as  to 
revolve  the  strands  of  the  helix  across  the  magnetic  meridian, 
he  observed  that  at  each  turn,  a  galvanometer  connected  with 
the  two  ends  of  the  helix,  was  deflected,  showing  the  passage  of 
an  electric  current.  The  same  effect  is  always  produced  by 
moving  a  wire,  who^e  ends  are  connected  with  a  delicate  galvan- 
ometer, at  right  angles  across  the  magnetic  meridian.  This 
was  beautifully  demonstrated  in  laying  the  Atlantic  cable  at  the 
bottom  of  the  ocean,  in  a  direction  about  due  east  and  west :  as 
the  irtegular  motion  of  the  steamship  produced  by  the  waves, 
drew  the  cable  back  and  forth  across  the  magnetic  meridian, 
the  secondary  electrical  current  which  it  induced,  inconceivably 
faint  as  it  must  have  been,  produced  a  perceptible  deviation  of 
the  mirror  and  the  spark  of  reflected  light  in  the  reflecting  gal- 
vanometer, §418,  at  Yalentia;  so  that  it  was  literally  true  that 

Whnt  nfr(pc«'.  hiw  the  roafrn<>tlnn  of  the  earth  upon  metallio  bodiee  in  motkm?    Uow 
mu  tub  iLiutratcdia  U>  lug  t&e  Atlantic  cuble?  -  »  - 
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they  knew  at  Valentia  every  time  the  Great  Eastern  rolled. 
la  this  case,  the  ocean  itself  formed  a  part  of  the  electrical  cir- 
cuit, together  with  the  cable  wire,  and  rendered  it  complete. 

*&49.  Majnoto-electric  Induction  sapporti  Ampere's  the* 
opy.  The  induction  of  electricity  by  the  magnet  is  exac'ly 
whit  might  be  expected  if  Ampere's  theory  be  true,  §403,  4 J 4, 
and  confirms  it.  If,  as  is  supposed  by  Ampere,  magnetism  is 
j)ro  luced  by  a  series  of  electric  currents  perpetually  circu'aling 
around  a  magnet  in  a  direction  at  right  angles  to  its  ax's,  t'le 
introduction  of  a  magnet  into  the  axis  of  a  helix  of  insula  t<3d 
wire,  mu^t  necessarily  induce  a  secondary  current  of  electricity, 
and  its  withdrawal  another  in  the  opposite  direction,  because 
the  magnet  corresponds  to  the  internal  helix  of  coarse  wire  car- 
rying the  primary  current,  Fig$,  214,  2 16,  in  the  ca-e  of  Volta- 
electric  induction,  §433.  The  direction  of  the  secondary  current 
actually  induced  by  the  magnet,  is  also  exactly  what  it  should 
be  if  Ampere's  theory  be  true.  IVIagneto-electric  induction  is 
then,  a*ler  all,  only  a  case  of  Volta-electric  induction. 

It  is  obvious  that  the  secondary  electricity  thus  induced  by 
the  magnet,  is  not  derived  from  the  magnet,  but  is  merely  the 
natural  electricity  of  the  wire  of  the  helix,  which  i)  moinent^i*. 
riiy  disturbed  by  the  approach  and  withdrawal  of  the  magnet. 
The  effect  is  greater  the  longer  and  finer  the  wire,  and  the 
more  num'jrous  the  convolutions  of  the  helix,  on  account  of 
th  i  larger  amount  of  natural  electricity  which  can  be  oper- 
ated on  by  the  magnet,  and  on  account  of  the  inductive  action 
of  the  strands  of  the  helix  on  each  other,  as  already  de^cr.bed 
in  the  case  of  Volta-electric  induction,  §439.  The  electri.-ity 
thus  produced  is  possessed  of  greater  intensity  than  that  Wiiicli 
can  bo  derived  from  any  battery,  however  powerful,  and  very 
closely  resembles  the  electricity  of  the  machine  in  regard  to 
giving  shocks  and  producing  light :  if  the  circuit  be  broken  at 
the  moment  when  the  magnetic  induction  takes  place,  spark  \  of 
extraordinary  brilliancy  will  appear:  it  also  possesses  great 
power  of  effecling  chemical  decomposition,  and  may  often  be 
substituted  with  advantage,  both  ibr  the  common  electrical 
machine  and  the  galvanic  battery. 

450.  Volta-magnoto^lectric  Coili  for  inducing*  Secondary 
Electric  Carrents.  Advantage  is  taken  of  these  principles  in 
the  construction  of  apparatus  for  the  production  of  steady  and 
apparently  continuous  currents  of  induced  electricity.     Thus, 

449,  Uo-^T  docA  Ma((neto-eIectrIc  induction  support  Ampere's  the-ry?  What  in  t'le 
06uroe  of  the  lnduc<>d  elwtrkitv  ?  AN  hy  i»  the  i^ect  iucreucd  b/  lengtbeiiii-g  Uio, 
dire  and  multipl/iug  the  tiirua  of  the  heUxT 
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in  Fig.  222,  if  the  primary  coil  be  arranged  in  rach  a  way  thaf 
its  connection  with  the  battery  is  rapidly  completed  and  broken, 
by  a  mechanical  contrivauce  adapted  to  the  purpose,  at  d^  then 
so  rapid  a  succession  of  secondary  currents  will  be  produced,  as 
to  have  the  effect  of  a  continuous  current,  causing  violent  oscil- 
lations of  the  galvanometer  needle,  vivid  sparks,  and  powerful 
shocks,  the  hands  being  previously  moistened  with  salt  water. 
The  violence  of  thc^e  effects  may  be  regulated  by  the  number 
of  wires  introduced :  with  every  successive  wire,  all  the  effects 
above  described  are  proportionally  increased,  and  when  the  coil 
is  completely  filled,  the  torrent  of  sparks  becomes  insupportable. 
Sometimes  the  regulation  is  accomplished  by  placing  the  coils 
in  a  horizontal  position,  and  introducing  a  solid  iron  bar,  or  a 
bundle  of  wires,  a  shorter  or  longer  distance.  An  instrument 
of  this  conf^t  ruction  is  often  used  by  physicians  for  the  adminis- 
tration of  electricity  to  their  patients. 

451.  Pair^t  Separable  Belicet.  One  of  the  moH  perfect 
instruments  for  the  exhibition  and  application  of  a  secondary 
induced  current,  by  the  action  of  the  primary  current  of  the  bat- 
lerjE^  combined  with  an  electro-magnet,  has  been  invented  by 
our  CGMintryman,  Dr.  Page,  and  is  represented  in  Fig,  226.    It 

consists  of  an  internal 
helix  of  coarse  wire, 
p,  of  three  strands, 
each  about  twenty- 
five  feet  long,  and 
hollow  in  the  axis, 
so  as  to  admit  of  the 
introduction  of  a  rod 
of  sofl  iron,  or  of 
small  iron  wires.  On 
the  outside  of  the  m* 
ner  helix  there  is  a 
second  helix,  s,  con- 
sisting of  from  one  to 
three  thousand  feet 
of  fine  wire.  It  is 
made  entirely  separ 
rate  from  the  interior 
helix,  and  can  be  removed  from  it.  The  extremities  of  this 
helix  terminate  in  two  binding  cups  connected  with  the  wires, 


FageU  Separable  HtUees,  mth  Wvra. 


4A0.   How  enn  FV<-.  222  be  altered  to  as  tn  prodaoe  a  nearly  oontinnoiu  cvurent  oC 
•lactridtjr  T    Uow  oan  the  Tiolenoa  of  Ita  aotton  bo  ngulated  ? 
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/»',  n'.  The  extremities  of  the  inner  helix  are  connected  res* 
pectively  with  the  binding  cups,  +  and  — ,  through  the  iron 
rasp,  or  else  through  a  break-piece,  B,  attached  to  the  instrument. 
O.ie  of  the  battery  wires  is  connected  with  the  binding  cup,  — ^ 
the  other  with  the  brei^-piece  b,  or  applied  to  thi  iron  ra-^p. 
The  continual  making  and  breaking  the  circuit  in  tlie  inner 
coil,  induces  a  momentary  secondary  current  of  electricity  in 
the  outer  coil,  alternately  in  opposite  directions.  If  the  two  ends 
of  the  secondary  coil,  fl  and  » ,  are  brought  near  each  other,  a 
bright  spark  Mashes  at  erery  break  in  the  primary  current,  even 
when  no  iron  wires  are  employed.  If  a  rod  of  sotl  iron,  or  a 
bundle  of  wires,  w,  is  introduced  into  the  centre  of  the  helix, 
the  spark  is  very  much  increased,  brilliant  scintillations  are 
thrown  off,  and  the  shock  becomes  intolerable.  The  iron,  in 
acquiring  and  losing  m;^etism  whenever  the  connection  with 
the  battery  is  made  and  broken,  induces  a  seconrlary  current 
in  hoth  the  coils,  whidi  is  shown  in  the  inner  coil,  in  the  in- 
creased scintillations  which  Hash  from  the  rasp;  and  in  the 
outer  coil,  by  the  violent  shocks  which  it  imparts.  Sometimes 
this  instrument  is  provided  with  a  medianical  contrivance  moved 
by  clockwork,  for  breaking  the  primary  current,  and  in  this 
case,  none  of  the  power  being  consumed  in  producing  the  me- 
chanical motion  which  breaks  the  circuit,  a  very  small  battery 
will  answer  the  purpose.  If  a  silver  dollar  and  a  piece  of  zine 
of  equal  size  be  used  simply  for  the  battery,  and  the  inner  helix 
be  filled  with  sof^  iron  wires,  the  shod^  is  quite  severe.  If  the 
extremities  of  the  secondary  ooil  are  separated  at  the  Fame  in- 
stant that  the  battery  current  is  broken,  a  spark  will  be  seen, 
and  a  bright  flash  produced,  provided  these  extremities  are 
tipped  with  charcoal  points,  and  held  almost  in  contact.  Water 
may  be  decomposed,  if  the  wires  are  made  of  platinum,  guarded 
by  glass,  and  dipped  into  the  liquid.  The  extremities  of  these 
wires  shine  in  the  dark,  one  constantly  bright,  the  other  inter- 
mittiugly.  Oxygen  and  hydrogen  are  given  off  in  small  quanti* 
ties  at  each  wire,  and  rapid  discharges  are  heard  in  the  waten 
A  Leyden  jar,  the  knob  of  which  is  connected  with  the  inside 
ccating  by  a  caMimtom  wire,  may  be  feebly  charged,  and  slight 
shocks  rapidly  received,  by  bringing  the  knoS  in  oonta<'t  wilh 
one  of  the  cups  of  the  outer  helix,  and  grasping  with  the  two 
hands  respectively  the  outer  coating  of  the  jar,  and  a  handla 
connected  with  the  other  cup.     If  a  bundle  of  soft  iron  wires,  w, 

451.  1)«<«rff b.^  P>^ge*K  nepamble  helkw*.    How  Is  the  break-piece  smnetimee  arranited  ? 
Swcrlbe  tlie  eOb^U  produced  by  Uiis  inslruinent.    IIow  may  a  Leydea  jat  be  charged! 
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be  introduced  into  the  inner  coil  in  place  of  the  iron  rod,  the 
effects  described  above  ai*e  much  increased.  The  sparks  aud 
shocks  may  be  varied  at  pleasure  by  increasing  or  dimiuishiDg 
the  number  of  the  iron  wires,  the  addition  of  only  one  wire 
producing  a  decided  effect.  If  a  glass  tube  be  introduced 
around  the  iron  wires,  between  them  aud  the  inner  coil,  their 
inductive  action  on  the  secondary  coil  is  not  d  minished,  but  if  a 
brass  tube  be  introduced  instead  of  the  glass,  their  inductive 
influence  upon  the  secondary  coil  will  be  destroyed,  ^o  far  as 
sparks  and  shocks  are  concerned :  if  the  tube  be  only  partially 
introduced,  their  inductive  effect  will  be  proportionably  reduced, 
but  not  entirely  destroyed:  the  distance  to  which  the  brass 
tube  is  introduced  constitutes  a  second  mode  of  regulating  the 
intensity  of  the  shocks.  The  brass  tube  neutralizes  the  induc- 
tive action  of  the  wires  by  destroying  the  secondary  inducted 
current,  and  inducing  a  tertiary  current  in  both  the  coils,  flow- 
ing in  an  opposite  direction,  both  when  the  battery  current  is 
established  and  is  broken,  and  these  tertiary  cun-ents  have  the 
effect  of  reducing,  if  not  destroying,  the  secondary  currents, 
which  would  otherwise  be  induced  in  the  coils :  this  is  always 
the  effect  of  any  closed  wire  circuit  in  the  immediate  neighbor^ 
hood  of  a  helix  or  coil  carrying  the  secondary  induced  current  . 

As  the  two  coils  p  and  s,  are  separable,  if  the  outer  coil  s  . 
be  removed,  and  the  inner  coil  be  so  arranged  as  to  constitute 
a  part  of  the  battery  circuit,  which  is  broken  at  pleasure  by  the 
rasp  or  the  revolving  break-piece,  the  existence  of  the  extra 
current,  §438,  shown  by  the  increased  vividness  which  it  imparts 
to  sparks  and  shocks  when  the  battery  current  is  broken,  may 
be  very  satisfactorily  exhibited;  also  the  additional  effects  that 
arc  produced  by  inserting  a  sofl  iron  rod  into  the  interior  of  the 
helix.  This  instrument  has  been  very  extensively  employed  by 
physicians  for  the  administration  of  electricity  to  their  patients, 
on  account  of  the  facility  with  which  the  strength  of  the  current 
can  be  regulated,  by  the  number  of  iron  wires  introduced,  by 
the  distance  to  which  a  bra^'s  tube  enclosing  the  wires  is  pushed 
in,  or  by  the  distance  to  which  the  iron  wires  or  a  solid  red  is 
inserted :  for  greater  convenience,  it  is  usual  in  such  experi- 
ments to  mount  the  cols  iu  a  horizontal  position. 

452.   The  Circuit-Breaker.     The  effect  of  this  instmment 
depends  to  a  great  degree  upon  the  suddenness  and  complele- 

>Vhat  is  the  effect  of  u^ing  Iron  iriren  instend  of  nn  iron  rod  ?  of  intmducinfr  a  gl«M 
tube  ?  u  bniM  tube  ?  ExpLain  Uio  latter  effort.  How  cftv  the  exigence  rf  the  extra 
current  be  dinplayed  by  tULt  iostrufuoub  ?  \»  hat  i^  the  amtogementof  tbm  oolU  when 
muplo^ttd  by  phytJcioiu  ? 
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ness  with  which  the  primary  current  is  broken.  This  is  true  in 
all  cased  of  ihe  induction  of  secondary  currents  by  bi*eaking  the 
primary  circuit.  If  the  primajy  current  be  not  broken  suddenly, 
but  g  adually,  there  is  a  proportionate  diminution  in  the  power 
of  the  secondary  current.  In  the  ordinary  modes  of  breaking 
the  circuit,  like  the  hammer  break-piece  of  RuhmkorfT's  coil, 
§4)3,  the  wires  being  slowly  separated,  there  is  an  opportu- 
nity for  the  primary  current  to  pass  after  the  connection  is 
actually  sundered,  by  leaping  across  the  small  interval  which 
sepamtes  them,  in  consequence  of  the  conducting  power  of  the 
air,  and  especially  for  the  extra  secondary  current  flowing  in  the 
primary  wire  to  do  so,  on  account  of  its  extreme  intensity, 
a*  is  shown  by  the  vivid  spark  whicrh  appears  under  these  cir- 
cumstances. The  effect  of  this  spark  is  to  prolong  the  ex- 
istence of  t'le  primary  and  extra  currents  in  the  inner  coil, 
and  cons**queit!y  prolong  the  existence  of  the  magnetism  in  the 
bundle  of  iron  wire?,  an  J  prevent  them  from  being  de-magnet- 
ized as  quickly  as  they  otherwise  would  be.  This  tends  to 
prevent  that  suddenness  in  the  break  of  the  primary  current, 
and  de-ma T^etiza  ion  of  tho  iron  on  which  the  inten:>ity  of  the 
induced  current  depends  and  greatly  reduces  its  power;  the 
more  sudden  and  com.lete  the  stoppage  of  the  primary  current 
and  the  annihilation  of  the  magnetism  of  the  iron  wii-es,  the 
more  vivid  and  intense  the  secondary  current  in  the  outer  coil, 
and  the  sparks  and  shacks  which  it  produces.  To  obviate  this 
difficulty,  and  to  promote  the  suddenne-s  and  completeness  of 
tlie  break,  the  primary  coil  wire  f.  om  one  po!e  of  the  battery  is 
made  to  terminate  in  a  cup  filled  with  mercury,  whose  surface 
is  covered  with  a  thin  layer  of  spirits  of  turpentine :  the  wire 
from  the  other  pole  of  the  battery  dips  into  the  mercury,  and  is 
so  arranged  that  when  raised  out  of  the  mercury  the  current  is 
broken,  when  depres-ed  the  current  is  established.  The  spirits 
of  turpentine  is  an  absolute  non-conductor  of  electricity,  and 
therefore  the  instant  the  wire  leaves  the  surface  of  the  mercury, 
its  extremity  being  drawn  up  into  a  non-conducting  medium 
instead  of  into  the  air,  the  flow  of  the  current  is  instantane- 
ouAy  and  completely  arrested,  no  spark  passes,  the  bundle  of 
i  on  wires  is  instantly  de-magnetized,  and  the  power  of  the 
secondary  current  and  the  various  effects  which  it  producers, 
Yory  greatly  increa'^ed :  water,  alcohol  and  naptha  are  sorae- 

452.  On  what  does  the  effect  of  this  Instrument  gT(>atly  depend?  Why  most  the 
breik  bo  sudden  tnd  oomplero?  Desertbe  and  expltJu  the  spork-arresdng  cireuife- 
bristker.    Explain  the  use  of  the  splrita  of  turpentine. 
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times  used  instead  of  spirits  of  turpentine.  This  contrivanre, 
which  is  called  the  spai  K-arresting  circuit-breaker,  was  the  in- 
vention of  our  countryman,  Dr.  Page,  in  1838,  and  is  one 
of  the  gi-eatest  improvements  made  in  the  construction  of  coils 
for  the  production  of  induced  electricity  by  breaking  she  pri- 
mary current  i  one  of  similar  construction  was  introduced  in 
France  in  1856,  by  Foucault,  and  attached  to  RuhmkoHTs  coiL 
453.  RtthmlMrff't  Coil  for  iadvcinff  tocendary  olectrical 
ourronti.  One  of  the  meet  interesting  and  extraordinary  of 
the  various  machines  for  producing  continuous  secondary  cur- 
rents of  electricity,  is  the  coil  of  Ruhmkorff,  a  philosophical 
instrument  maker  at  PiEuris,  of  which  a  section  is  given  in 
Fig.  227.    Hie  principle  of  this  instrument  is  precisely  the 

Fig.  227. 


RukmkorJT^s  Qnl  disseeud. 

same  as  the  last  It  consists  of  two  concentric  coils  of  copper 
wire:  the  primary  or  inner  coil,  p,  p,  consisting  of  ten  or 
twelve  yard  J  of  copper  wire,  about  1-1 2th  of  an  inch  in  diame- 
ter, coiled  around  two  or  three  hundred  times :  and  the  outer 
or  secondary  coil,  d,  s,  made  of  very  long  and  thin  wire,  about 
1-lOOih  of  an  inch  in  diameter,  and  from  three  to  five  miles  in 
len;;th,  tlie  coil  being  formed  by  20,000  to  25,000  turns  of  wire, 
and  terminating  in  the  wire^/and  e,  which  are  directly  con- 
nected with  th'i  points  y  and  x.  The  inner  helix  is  coiled 
directly  on  a  cylinder  of  card-board,  forming  the  nucleus  of  the 
apparatus,  and  inclosed  in  an  insulating  cylinder  of  g1ai»  or 
caoutchouc  Great  attention  is  paid  to  the  infulation:  the 
wires  are  not  merely  insulated  by  being  wound  with  silk,  but 
each  individual  layer  is  insulated  from  the  others  by  a  coating  of 


453.  DeMTibe  Ruhmkorff '■Coil. 
IB  iiuulatioa  aecunxl  ? 


now  ii  ttie  iniMr  ooU  wound  ?  tiM  outtr  ogU?   Hov 


Digitized  by  VjOOQIC 


^  DISSECTED.  455 

;  .  ..  ,  ^    r-..    ,      .,    .  ... 

shell-lac*  The  length  of  the  secondary  coil  varies  greatly ;  in 
some  of  the  larger  sizes  it  is  forty  or  fifty  miles,  and  made  of 
Tery  thin  wire :  the  thinner  the  wire  the  greater  the  tension  of 
the  secondary  current .  H,  is  a  cylindrical  bar  composed  of  sod 
iron  wires,  firmly  bound  together,  and  is  placed  in  the  axis  of  the 
instrument.  At  p  and  n,  are  binding  screws,  for  establishing  a 
connection  between  the  primary  coil  and  a  battery  composed 
of  three  or  four  of  Grove's  cells.  The  battery  current  enters 
at  />,  passes  on  by  the  metallic  band  to  the  pillar  0,  thence  to  d\ 
then  through  ^,  to  the  primary  coil,  p,  p,  and  after  traversing 
the  whole  length  of  that  coil,  finally  rejoins  the  battery  through 
n;  its  course  through  the  instrument  being  indicated  by  the 
arrows.  The  circulation  of  the  battery  current  through  the 
primary  coil  admits  of  being  broken  at  c  and  d.  When  d, 
which  is  a  small  hammer  suspended  from  a  pivot  at  t,  is  raised, 
the  current  is  broken ;  when  it  is  down,  the  current  is  contin- 
uous, parses  on  through  the  hammer,  and  after  traversing  the 
whole  of  the  primary  coil,  eventually  finds  its  way  back  to  the 
battery,  at  n.  As  soon,  however,  as  the  current  begins  to 
circulate  through  p,  p,  the  bundle  of  iron  wires,  M,  becomes 
strongly  magnetic,  attracts  d  from  the  pillar  c,  and  the  primary 
current  is  interrupted ;  the  instant  this  takes  place,  m  k)ses  its 
magnetism,  and  the  hammer,  d^  falls ;  as  ^oon  as  this  occurs, 
the  battery  current  immediately  begins  to  circulate  again,  and 
u  is  again  made  magnetic,  d  is  again  attracted,  the  current  is 
again  broken,  and  is  again  renewed.  The  break  in  the  current 
is  made  several  times  in  a  second,  and  by  mechanictd  means 
may  be  made  much  more  rapid.  By  each  of  these  interrup- 
tions, a  powerful  secondary  current  is  momentarily  induced  in 
the  outer  coil  of  fine  wire,  s,  s,  partly  by  the  inductive  influ- 
ence of  the  primary  current  itself,  and  partly  by  the  iofiuence 
of  the  magnetism  momentarily  induced  and  destroyed  in  tbo 
bar  M,  according  to  the  principles  stated  in  the  preceding  sec- 
tions :  if  there  be  a  break  in  the  secondary  coil,  as  at  y  and  oc^ 
Fig,  227,  the  electricity  will  leap  across  the  interval  with  the 
production  of  vivid  sparks.  Every  time  the  connection  with  the 
battery  is  broken,  two  direct  secondary  current?,  one  of  positive 
and  the  other  of  negative  electricity,  are  induced,  moving  in  the 
same  direction  with  the  battery  current.  Two  inverse  secon- 
dary currents  of  positive  and  negative  electricity,  moving  ip  the 
opposite  direction  from  the  battery  current,  are  also  induced  at 

DeicTlbe  the  amogRment  of  the  odls.    How  is  the  curreDt  brokea  ?    How  many  cor- 
raiu  are  indaced  at  evezy  breaK  and  oomplettoa  of  the  dxcoit  I 
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every  completion  of  the  battery  current :  consequently  each  of 
the  po*e9  y  and  x,  is  alternately  affected  with  positive  and  neg- 
ative eiectrieity,  and  if  equal  in  quantity  and  tension,  would 
exactly  neutralize  eiich  oilier.  But  the  currents  induced  when 
the  current  is  completed,  are  not  equal  to  those  induced  when 
the  connection  is  broken :  on  breaking,  the  current  is  of  shorter 
duration  and  more  tension ;  on  completion,  of  longer  duration 
and  less  tension.  When  the  two  extremities  of  the  outer 
coil,  y  and  a:,  are  connected  by  a  continuous  wire,  the  direct 
and  inverse  currents  being  nearly  equal  in  aggregate  power, 
the  latter  partially  neutralize  the  ibrmer;  but  if  the  two 
extremities  of  the  coil  are  separated  at  y  and  a%  as  in  Fig,  227, 
the  resistance  of  the  air  is  then  opposed  to  the  passage  of 
the  currents,  and  only  the  current  which  has  the  superior  ten- 
sion, i.  e.,  the  direct  current  produced  by  breaking  connection, 
and  moving  in  the  same  direction  with  that  of  the  battery,  b 
able  to  leap  over  the  intervfd  and  effect  a  pa>8age :  the  sepa- 
ration of  the  two  currents  is  more  complete  the  greater  the 
interval,  up  to  a  certain  point,  when"  neither  pass,  and  there  is 
then  nothing  induced  at  the  poles  y  and  x,  but  electrical  tensions 
alternately  in  contrary  directions.  Consequently,  in  Fig,  227, 
as  it  is  the  direct  current  coi  responding  with  the  battery  cur^ 
rent  only  that  passes  between  y  and  a?,  y  must  be  taken  as  the 
positive  pole,  and  x  as  the  negative  pole,  because  they  discharge 
intermittent  streams,  the  one  of  positive  and  the  other  of  neg- 
ative electricity  exclusively.  These  currents  are  of  extreme 
intensity,  and  produce  vivid  sparks  which  succeed  each  other 
in  continuou:)  succession.  The  intensity  of  the.<e  sparks  may  be 
greatly  increased  by  increasing  the  suddenness  with  which  the 
continuity  of  the  primary  current  is  broken. 

453.*  The  Condenser.  Its  effects  explained.  The  power  of 
the  instrument  may  also  be  greatly  increa-ed  by  attaching  to  the 
primary  co  1  a  modification  of  the  Leyden  jar,  called  a  Condenser, 
This  consists  of  150  sheets  of  tinfoil  about  18  inches  square, 
exposing  a  total  surface  of  about  75  square  yards.  ITiese 
sheets  are  pasted  together  so  as  to  form  two  large  sheets  and 
then  attached  to  the  two  sides  of  a  sheet  of  oiled  silk,  which 
completely  insulates  them,  thus  forming  in  effect  a  very  large 
L«'yden  jar.  They  are  then  coiled  several  times  around  each 
other,  so  that  the  whole  can  be  packed  beneath  the  base  of  the 
instrument  One  of  these  sheets,  the  positive,  is  connected 
with  the  binding  cup  n',  Fig.  227,  so  as  to  communicate  with 

Explain  why  the  direct  eurrcnta  alone  can  force  a  pasra^e.    How  majr  the  virkltMn 
of  thesparluibeinGreaaed?    Wbat  la  tlw anrnnganuik of  (be ooadensoff ?    Hhatelleoi 

Digitized  by  V^OOQ IC 


THE    CON'PENSER.  457 

the  piimary  current  when  it  passes  into  the  primary  coil ; 
the  other,  the  negative,  is  connected  with  the  binding  screw  fl 
which  communicates  directly  with  the  battery  current :  these 
correspond  witli  the  binding  screws  o  and  H,  in  Fig,  228.  The 
operation  of  this  instrument  seems  to  be  as  follows. — We  have 
seen,  §439,  that,  at  each  break  of  the  battery  current,  an  induced 
exti*a-eurrent  in  the  same  direction  is  produced  in  the  pri- 
mary, coil  itself;  and  it  is  this  which  produces  the  spark  that 
passes  at  each  moment  between  the  hammer  and  the  anvil: 
bcin:;  in  the  same  direction,  and  prolonging  the  existence  of  the 
direct  current  in  the  primary  coil,  it  tends  to  prolong  also  the 
magnetic  effect,  and  to  prevent  the  bundle  of  soft  iron  wires 
fro:n  beins;  de-magnetized  as  quickly  as  it  would  be  otherwise. 
By  attaching  the  condL'n^er  to  the  primary  current,  the  extra 
current,  instead  of  producing  a  strong  spark,  darts  into  the  con- 
denser, the  positive  electricity  into  one  sheet,  and  the  negative 
into  the  other :  they  then  combine  quickly  by  the  primary  coil, 
by. the  baflery,  and  the  circuit,  H,  L,  Fig.  228,  and  in  bo  doing 
give  rise  to  a  current  in  a  direction  opposite  to  that  of  the  prima- 
ry current,  which  instantly  de-magnetizes  the  bundle  of  {^ofl  iron 
wires,  and  renders  the  break  of  the  primary  current  much  more 
sudd  m  and  co  nplete.  Tue  peculiar  action  of  the  condenser 
u.)oa  the  coil  by  the  absoT)tion  of  the  extra  current,  was  discov- 
ered by  Fizeau  at  Paris  in  1853  :  by  connecting  the  plates  of 
the  condenser  with  each  side  of  the  circuit-breaker,  he  found  that 
the  sparks  discharged  at  the  hammer  by  the  extra-current 
w^re  diminished,  while  those  of  the  outer  coil  at  y  and  x,  were 
do jble  1  in  length.  It  was  soon  attached  to  the  coil  by  Ruhm- 
korlf,  and  the  intensity  of  the  secondary  current  so  exalted  as 
to  iengtheu  its  spark  from  one-eighth  to  a  little  more  than  half 
an  hieh.  This  was  the  first  great  improvement  made  upon  the 
coil  as  constructed  by  Dr.  Page.  Other  improvements  were 
added  in  1856  and  1 857,  by  means  of  which  the  power  of  the  in- 
strumtmt  wa*  gradua'ly  increased,  until  finally  sparks  of  extreme 
iiite.isity,  from  eighteen  to  twenty  inches  in  length,  were  obtain- 
ed iVoTi  the  secondary  coil  at  y  and  ar.  The  rapid  de-magnet- 
iz  ition  is  also  greatly  accelerated  by  making  use  of  a  bunJ  '» 
of  lit)!  wires  instead  of  a  solid  bar  of  soft  iron.  This  improve 
ment  was  made  by  Dr.  Page  in  1838,  in  the  construction  of  hi^ 
separab'e  helices,  §45 1 :  this  effect  seems  to  be  produced  in  great 
part  by  the  neutralizij^g  influence  of  the  similar  poles  of  the 

has  it  upoa  tii«  extra  cairent  spark  ?  Upon  the  spark  of  the  secondarj  coil  ?  Kxplahi 
U  operatioo.  Who  dfscoTered  this  Uk%  ?  What  eOBOt  U  produced  upon  the  suddenneM 
of* de  mtfnetiiatioii  b/  the  om  of  Iron  wiret? 
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wires  on  each  other.  Thus  it  appears  that  by  the  coils  of  Page 
and  Ruhmkorff,  galvanic  electricity  of  low  tension  may  be  u-ed 
to  induce  statical  electricity  as  ijitense  as  that  of  the  ordinary 
electrical  machine,  while  its  quantity  is  far  greater;  bo  that 
they  may  be  substituted  with  great  advantage  for  that  machine 
in  most  cases,  where  a  continuous  discharge  of  sparks  and 
shocks  is  required. 

454.  RnhmkorfTa  Coil  complete.     The  same  instrument  is 
represented  in  relief,  in  Fig,  228  :  K,  represents  a  milled  handle 

Fig.  228. 


Ruhmkorff  ^s  Coil  eompfete. 

by  which  the  cylinder  l,  called  the  Commutator,  consisting  of 
alternate  pieces  of  copper  and  ivory,  is  turned  so  as  to  bring 
either  piece  into  contact  with  the  metallic  spring  o  and  re- 
verse the  direction  of  the  primary  current  through  the  coil, 
by  connecting  at  pleasure  with  the  positive  or  negative  pole 
of  the  battery :  a,  is  the  binding  screw  through  which  the  posi- 
tive current  from  the  battery  enters,  and  there  is  another  on  the 
opposite  side  of  L,  not  seen  in  the  Fia.j  for  the  passage  of  the 
negative  current :  from  A,  the  positive  current  passes  up  the 
spring  o,  into  the  commutator  l,  by  win'ch  it  is  transmitted  to 
the  commencement  of  the  primary  coil,  making  its  exit  at  i : 
it  then  proceeds  to  the  hammer  d,  through  N,  to  the  binding 
cup  H,  whence  it  returns  to  ihtt  negative  pole  of  the  battery : 
M,  is  the  bundle  of  soft  iron  wires,  occupying  the  core  of  the 
instrum'^nt:  r  and  X,  are  the  binding  screws  connected  with 
the  extremities  of  the  outer  or  secondary  coil,  and  which  may 


iMKriM  RahmkorSF^s  Coil  «fl  reprwented  in  #V.  228. 
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be  brought  into  connection  with  each  other  by  wires,  as  at 
y  and  x,  in  Fig  227 :  the  condenser  is  altached  at  o  and  H. 
On  turning  the  handle  K,  so  as  to  bring  the  metallic  pif^ce  L 
into  contkct  with  the  spring  o.  the  primary  current  immediately 
circulates  through  the  inner  coil,  and  a  shower  of  vivid  sparks 
fla'^hes  continually  from  x  to  t,  when  the  proper  connections 
are  made  by  wires  nearly  touching  each  other.  With  largo 
coils  the  hammer  cannot  be  used,  on  account  of  the  extreme 
violence  of  the  spark  produced  by  the  extra-current;  th3 
surfaces  become  so  much  headed  as  to  melt:  to  obviate  this 
difficulty,  and  to  promote  the  suddenness  and  completeness  of 
the  break  in  the  circuit,  a  mercury  circuit -bnakcr,  §452,  has 
been  invented,  by  which  the  power  of  the  instrument  lias  been 
greatly  increased  and  the  use  of  the  hammer  discontinued :  more 
recently,  mechanical  means  have  been  employed  for  breaking 
the  circuit  slowly  or  nipidly,  at  the  pleasure  of  the  operator :  by 
these  anil  other  improvement-,  this  very  interesting  and  re- 
markable instrument  has  beea  brought  from  a  comparatively 
feeble  state  to  a  very  high  degree  of  efficiency,  by  our  conntry- 
man,  Mr.  Ritchie,  a  philosophical  instrument  maker  at  Boston. 
455.  Ritchie's  improved  Ruhmkorar  Coil.  The  length  of 
the  secondary  spark  whicli  Ruhmkorff  obtained  in  his  original 
coil,  did  not  equal  one  inch:  in  18)7,  Heardrr,  in  England,  by 
more  carefully  insulating  the  coils,  obtained  spjirks  of  three 
inches :  it  was  found  impo5sible  to  make  larger  and  more  pow- 
erful coils,  in  consequence  of  a  discharge  taking  place  within 
the  coils,  the  current  forcing  a  passage  tix>m  strand  to  strand 
between  the  outer  and  inner  portions  and  breaking  down  the 
insulation,  the  successive  layers  of  wire  being  only  separated 
by  insulating  media ;  and  the  longer  and  finer  the  outer  coil, 
the  stronger  is  the  tendency  for  the  secondary  current  to  force  a 
passage  laterally  through  the  adjoining  layers  in  preference 
to  passing  through  the  immense  length  of  the  secondary  wire, 
amounting  in  some  cases  to  eighty  miles.  In  1857,  Mr.  Ritch'e 
devised  a  mode  of  winding  the  wire  of  the  outer  helix  in  sev- 
eral different  sections,  carefully  insulated  from  each  other:  the 
first  section  commences  near  the  axis  just  upon  the  outsiJe 
of  the  primary  coil,  and  gradually  extendi  to  the  outer  circum- 
ference, in  a  plane  perpendicular  to  the  axis,  (in  the  m  inn^r 
that  sailors  coil  ropes  on  the  deck)  ;  then  continues  to  the  n<^xt 
section,  which  is  carefully  insulated  from  the  first,  and  wound 
from  the  outer  circumference  to  the  inner,  and  so  on  altern- 

])«acrlbe  Ritchto's  improTed  Ruhmkorff  Coll. 
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a*e'j  fram  section  to  section,  until  the  coil  is  completed:  m' 
ibid  niann'T,  in  consequence  of  the  division  of  Ihe  outer  coil 
into  many  sections,  and  their  very  perfect  insulation,  it  be- 
comes iini)ossil>le  for  the  secondary  current  to  force  a  lateral 
pa  ?a,"2:e  and  break  through  the  coil.  The  result  was,  that, 
in  1837,  coils  were  ma  le  which  gave  sparks  of  twelve  and  event- 
ually sixteen  inches,  in  place  of  three.  Tlie  instrument  con- 
sists of  a  primary  coil  of  copper  wire  about  l-6th  of  an  inch 
in  dameter  and  about  150  feet  in  length,  wound  in  three 
course>»,  very  carefully  annealed,  and  mounted  vertically,'  as  in 
Fig.  229  :  Ihii  coil  is  completely  covered  externally  with  gutta- 

Fig.  229. 


RUchie^s  Improved  Rtihmkorff  CoiL 

pcrchi  4-^Oihs  of  an  inch  in  thickness,  and  passing  entirely 
through  the  basement  lo  a  plate  of  the  same  substance,  to 
whi  h  it  U  united :  within  tliis  coil  is  placed  the  bundle  of  soft 
imn  wires:  over  the  primary  coil  and  magnet  a  thick  glass  cyl- 
inder or  bell  U  placed,  closed  at  the  top,  and  provided  with  a 
knob  by  which  it  can  be  raised  from  its  position.     On  the  out- 
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aide  of  this  glass  bell  is  placed  the  secondary  coil,  consisting 
of  very  fine  copper  wire,  about  1-lOOth  of  an  inch  in  diameter, 
very  carefully  insulated  by  silk  winding,  from  three  to  thirty, 
and  even  eighty  miles  in  length,  wound  in  the  manner  above 
described,  upon  a  cylinder  of  gutta-percha :  the  extremities  of 
this  coil  are  enclosed  in  rubber  tubes  and  carried  to  insulated 
glass  pillars,  from  which  the  induced  current  is  taken  by  plati- 
num wires  in  whatever  direction  it  may  be  required :  in  Fig.  229, 
it  18  conveyed  to  the  electric  Egg,  for  the  purpose  of  exhibiting  its 
extraordinary  illuminating  power  when  dischai^ed  through  a 
vacuum.  The  condenser  is  made  of  tin-foil  pasted  on  tissue 
paper,  of  three  thicknesses  between  each  stratum :  it  is  composed 
of  three  sections,  of  50,  100,  and  150  feet,  which  by  means  of 
screws  can  be  used  separately  or  in  combination  ;  this  is  packed 
beneath  the  basement  and  directly  connected  with  the  bindmg 
screws  of  the  circuit-breaker.  The  interrupter,  or  circuit- 
breaker,  is  raised  by  means  of  a  small  crank  worked  by  hand, 
operating  upon  a  ratchet  wheel,  whose  teeth  strike  the  extremity 
of  a  delicately  adjusted  lever,  from  the  other  end  of  which  the 
hammer  is  suspended :  the  rapidity  of  the  break  in  the  circuit 
may  be  varied  at  pleasure  by  turning  the  crank  slowly  or  rap- 
idly :  the  battery  current  is  derived  from  two  to  four  ce!ls  of  Bun- 
sen's  carbon  battery.  When  the  crank  is  turned  very  slowly, 
the  connection  of  the  primary  coil  with  the  battery  is  prolonged, 
and  the  bundle  of  iron  wires  becomes  very  highly  magnetized : 
the  break  thenoocurs  very  suddenly,  and  instantaneously  develops 
the  entire  force  of  the  secondary  current,  producing  sparks  of 
great  length  and  density,  the  discharge  being  surrounded  by  a 
kind  of  burr:  if  the  velocity  of  the  rotation  be  gradually  in- 
creased, the  spark  assumes  the  luminous  appearance  of  the 
sparks  of  the  electrical  machine  :  if  the  velocity  be  still  further 
increased,  the  luminous  discharge  will  disappear,  for  there  will 
not  then  be  sufficient  time,  between  the  establishment  and  break 
of  the  connection  with  the  battery,  to  magnetize  the  iron  core 
on  which  the  mtensity  of  the  induced  secondary  current  chiefly 
depends.  The  power  of  this  instrument  is  vastly  greater  than 
tliat  of  any  electrical  machine ;  sparks  of  more  than  twelve 
inches  in  length  can  easily  be  obtained,  discharges  can  be  made 
80  rapidly  as  to  appear  continuous,  and  a  Leyden  jar  can  be 
charged  and  discharged  with  so  much  rapidity  as  to  exhibit 
hardly  any  perceptible  interval,  and  with  a  noise  almost  stunning. 

SLom  Is  thA  eircQli-breAker  of  Itttohk's  machine  amnged?    What  k  the  e£GK(  opoii 
flie  power  of  fche  iostrumeat  ? 
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This  machine  of  Ritchie*8  excited  much  attention  in  Europe. 
It  wa<  exhibited  by  Ga?siot,  before  the  Koyal  Society,  London, 
in  1838,  and  by  McCullough,  at  Paris,  in  lb60.  Its  mode  of 
winding  was  almost  immediately  adopted  by  RuhmkorflT,  and 
the  8«-condary  coil  still  further  lengthened,  amounting  in  some 
cases  10  100,000  French  metres,  or  even  more, — from  sixty  to 
eighty  mile8,-^and  projecting  sparks  two  feet  in  length:  this 
took  place  in  1860;  and  in  1864,  he  received  as  a  reward  the 
prize  of  50,000  francs  offered  by  the  French  Emperor  in  1852, 
for  the  most  important  discovery  connected  with  the  develop- 
ment of  electricity. 

456.  The  manag'emeiit  of  RnhmkoriTa  CoiL  The  charff- 
hkg  of  a  IfOyden  jar.  The  principal  steps  in  the  improvement 
of  induction  coils,  as  first  constructed,  are  the  increased  len<^h 
and  fineness  of  the  secondary  coil,  the  employment  of  soft  iron 
wires  instead  of  the  iron  bar  in  the  inner  coil,  and  the  spark- 
aiTcsting  circuit-breaker, — all  inventions  of  Dr.  Page:  the 
discovery  of  the  eflfect  of  the  condenser  by  Fizeau,  and  its 
application  by  Buhinkoi'ff;  and  the  peculiar  mode  of  winding, 
combined  with  very  perfect  insulation,  deviled  by  Ritchie : — to 
the  combined  effect  of  these  various  improvements,  made 
through  a  series  of  many  years,  the  extraordinary  power  of 
Ruhmkorff's  coil,  in  its  most  perfect  form,  is  due.  Several 
coils  may  be  combined  so  as  to  increase  the  quantity  of  elec- 
tricity which  they  will  furnish,  by  placing  them  side  by  side 
and  connecting  them  by  wires  in  such  a  manner  that  the  bat- 
tery current  will  circulate  through  the  primary  helix  of  each 
coil  in  succession,  thereby  forming  in  effect  one  long  pri- 
mary coil:  as  only  one  hammer  is  required  for  the  purpose 
of  breaking  the  current,  the  rematn'ng  hammers  should  be 
removed :  in  like  manner  the  secondary  coils  should  all  be 
connected  by  wires,  so  as  to  unite  all  the  positive  poles  together 
into  one  pole,  and  all  the  negative  poles  into  the  other:  tl:e 
extreme  positive  and  negative  poles  may  then  be  brought 
together  for  the  jmrpose  of  displaying  the  effects  of  the  instru- 
ment in  the  usual  manner :  by  this  arrangement  the  quantity 
of  electricity  will  bo  greatly  increased,  but  no  increase  in  the 
tension  of  the  current  will  be  obtained.  If  an  increase  of  ten- 
sion is  required,  each  secondary  circuit  must  be  comiected  in 
a  regular  series,  the  positive  pole  of  one  to  the  negative  pole  of 

What  ImproTement  wu  made  by  Ruhmkorff?  with  what  resalt? — 456.  State  the  sno- 
ceMve  improvements.  Uow  ma/  coils  be  combioed  00  aa  to  iitcnaso  tlie  quanti^  inT 
thetfumnt?  the  teoskm? 
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the  next,  so  as  to  form  in  effect  but  one  secondary  coil,  each  pri- 
mary coil  being  excited  by  a  separate  battery.  A  Leyden  jar 
may  be  charged  by  connecting  the  outer  coating,  Fig.  230,  with 

Fig.  830. 


Tke  charging  of  a  Leyden  jar  6y  RukmkorffU  Coil. 

one  of  the  poles  of  the  coil,  and  the  inner  with  one  of  the  arms  of 
a  discharger,  the  other  arm  of  which  is  in  communication  with 
the  oppoiite  pole  of  the  coil :  the  extremities  of  the  discliarger 
should  be  placed  two  or  three  inches  apart :  afler  a  few  sparks 
have  passed,  the  jar  may  be  removed  and  discharged  in  the 
usual  manner:  with  a  large  instrument  an  electrical  battery 
containing  several  jars,  and  exposing  ten  square  feet  of  surface, 
may  be  charged  to  saturation  in  a  few  seconds,  and  far  more 
rapidly  than  by  an  ordinary  electrical  machine.  If  instead  of 
the  above  arrangement,  the  outer  coating  of  the  jar  be  connected 
with  one  pole  of  the  coil,  and  the  inner  with  the  other,  the 
poles  of  the  coil  being  at  the  same  time  connected  by  wires  set 
about  one  inch  apart,  the  Leyden  jar  will  be  constantly  charged 
and  discharged  without  cessation,  the  discharge  taking  place  as 
a  spark  two  or  three  inches  in  length,  very  bright,  and  produc- 
ing ^  explosive  sound,  which  seems  to  be  continuous.  If  a 
platinum  wire  be  twisted  around  the  knob  of  a  Leyden  jar, 
and  its  ends  be  brought  near  enough  to  the  poles  of  the  secon- 
dary coil  to  almost  touch  them  without  quite  doing  so,  a  noise- 
How  ean  %  Leyden  Jar  be  charg(>d  ?  What  expniment  may  be  tried  with  the  coil  aiul 
Le^dsn  Jar  ?    Wliat  iii  tbe  eOeci  of  cbaxging  large  electrical  batteries  bj  caaoule  ? 
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*  less  spark  of  feeble  light  will  pass  from  each  pole  to  the  end  of 
the  platinum  wire  nearest  it,  at  both  interruptions ;  if  now  the 

'  outer  coating  of  the  jar  be  connected  with  one  of  the  secondary- 
poles,  the  spark,  at  tlie  interruption  on  that  side,  will  suddenljr 
become  brilliant  and  noisy :  the  noiseless  spark  will  kindle  paper 
or  other  combustible  objects,  while  the  noisy  Hash  from  the 
Leydeh  jar  will  fail  to  kindle  them.  With  Ruhmkorff's  large, 
coil,  electrical  batteries  may  be  charged  and  discharged  with  a 
continuous  and  almost  deafening  noise.  The  most  brilliant  ef- 
fects are  produced  by  charging  a  series  of  jars  by  cascade. 
When  six  jars,  each  containing  about  two  square  feet  of  coated 
glass,  are  employed,  a  continuous  stream  of  dazzling  light  six 
inches  in  length,  is  produced,  accompanied  by  a  noise  that 
speedily  becomes  almost  intolerable.  With  one  jar,  the  dis- 
charge spark  is  two  and  one-half  inches  long ;  with  two  jars, 
three  and  a  half  inches ;  with  three  jars,  four  and  one-quarter 
inches ;  with  four  jars,  five  inches ;  and  with  five  jars,  five  and 
a  half  inches. 

457.  The  nechanical  effbcts  of  RuhmkoriPa  CoiL  The 
effects  of  Ruhmkorff 's  coil  are  vastly  more  intense  than  those 
of  the  battery,  and  may  be  classed  under  the  heads,  Mechani- 
cal, Physiological,  Heating,  Luminous,  and  Chemical.  The 
mechanical  effects  of  the  secondary  current  produced  by  this 
coil  are  disruptive  in  their  character,  and  resemble  those  of  a 

'  fiash  of  lightning.  For  this  reason  it  should  be  passed  through 
glass  vessels  with  t^e  greatest  caution.  With  the  largest  appa- 
ratus, glass  plates  two  inches  thick  have  been  perforated.  It 
should  not  be  used  for  firing  Eudiometers,  except  with  tke 
greatest  care  and  the  employment  of  a  very  small  battery. 

458.  The  Phyvlologioal  mfectik  The  physiological  efiecta 
are  extremely  intense.  The  shocks  are  so  powerful,  that 
ofVentimes  careless  experimenters  have  been  prostrated  by 
them.  With  two  of  Bunsen's  cells  attached  to  the  primarjr 
coil,  hares  and  rabbits  have  been  killed,  and  a  somewhat  lar- 
ger number  would  be  sufficient  to  kill  a  man. 

459.  The  Beatiiig' Bffects.  The  heating  effects  are  intense. 
If  a  thin  iron  wire  be  stretched  between  the  two  points  y  and  x^ 
it  is  immediately  melted  and  bamed  with  a  vivid  light:  if 
each  of  the  poles  y  and  x,  be  terminated  with  a  fine  m)n  wire, 
whose  extremities  are  brought  near  enough  together  almost  to 
touch.  Fig.  231,  the  wire  connected  with  the  negative  pole  will 
melt  into  a  little  globule  of  liquid  iron,  while  the  other  will 

457.  What  are  the  Mechanical  effect  of  the  coil  ?— 468.  What  are  the  PhynlolQcical 
effects?— 458.  What  are  the  Heating  effscts?    Ib  there  any  cUflbreoee  in  the  twmpisratan 
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Xht  htating  iffttU  of  the  poles  o/RukmkorJPs  CoU. 


*'^-  ^1'  Temain  cold  enough  to 

be  held  in  the  fingers, 
jp\>.232,  and  if  a  re- 
fiection  of  these  points 
be  thrown  upon  a 
screen  by  means  of 
Duboscq's  electric 
lamp,  Fig.  160,  a  cone 
of  vapor  will  appear 
to  issue  from  the  point 
of  each  wire,  but  that  from  the  negative  wire  being  the  most 

powerful,  apparently  beats 
back  the  heated  stream  from 
the  positive  wire.  These  ef- 
fects are  the  reverse  of  those 
produced  in  t^e  voltaic  arc 
of  the  galvanic  battery,  in 
which  the  greatest  dispersion 
of  matter  and  the  highest 
temperature,  are  observed  to 
occur  at  the  positive  pole. 
The  heat  is  sufficiently  in- 
tense to  inflame  all  combust- 
ible substances,  and  to  fuse 
and  bum  metals.  Great 
use  is  made  tuf  this  in  Spec- 
trum analysis,  §285,  €,  7.  Another  very  remaiiLable  effect  of 
Ruhmkorff 's  coil,  first  noticed  by  Dr.  Page,  is  the  ignition  of 
disintegrated  conductors :  shreds  of  metal  and  other  conducting 
substances  in  a  pulverulent  condition,  are  ignited  and  fused : 
«  very  small  machine  will  ignite  a  pencil  mark  of  plumbago, 
even  through  many  miles  of  wire,  and  shreds  of  iron  over 
-an  inch  in  length.  Advantage  has  been  taken  of  this  in  the 
construction  of  fuses  for  firing  gunpowder  in  blasting,  and  in 
the  discharge  of  fire-arms.  A  fuse  has  been  invente<l  called 
from  its  inventor,  Statham's  fuse,  which  depends  upon  the  i^ 
niting  action  of  the  current  upon  the  sulphide  of  copper.  Is 
has  been  found  that  in  a  copper  wire  covered  with  vulcanized 
gutta-percha  or  india-rubber,  a  layer  of  sulphide  of  copper  forms, 
a^«r  some  months,  at  the  point  of  contact  of  the  metal  and  its 
coating,  which  is  sufficient  to  conduct  the  current     If  a  por- 

'  of  theiKytM  ?    Wtdeh  Is  the  hotter  ?    How  do  the  polar  appear,  when  seen  by  Dnboscq^ 
lamp?    How  do  these  efEects  eompon^th  those  of  the  battery?    What  is  t' 
of  the  beat?    What  effect  Is  produced  upon  shreds  of  metal  7 


OnepoUxctd. 
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tion  of  the  coating  be  removed  from  a  wire  loop,  Fig.  233^  and 

Fig.  233. 


StatkatrCs  Fuse. 


a  qnarter  of  an  inch  of  the  wire  cut  away,  the  current,  inter- 
rupted at  a  and  6,  finds  a  passage  by  means  of  the  sulphide  of 
copper,  which  it  ignites,  and  auy  inflammable  substance  like 
gunpowder  or  gun-cotton,  placed  in  this  cavity,  takes  fire.  A 
very  powerful  battery  would  be  required  to  ignite  such  a  fuse, 
but  with  Ruhmkorff's  coil,  only  one  or  two  of  Bunsen's  ele- 
ments are  required,  the  ends  of  the  secondary  helix  being 
connected  with  a.  and  b.  This  fuse  has  been  very  successfully 
employed  in  exploding  mines  in  the  works  at  Cherbourg,  in 
France:  six  mines  were  simultaneously  fired  at* a  distance 
of  1,500  feet  from  the  apparatus.  Recently  a  more  sensitive 
priming  material  has  been  introduced,  consisting  of  ten  parts  of 
sub-phosphide  and  forty-five  of  sub-sulphide  of  copper,  and  fif- 
teen of  chlorate  of  potash,  finely  powdered  in  a  mortar,  with  the 
addition  of  sufficient  alcohol  to  moisten  it  throughout :  the  mix- 
ture is  dried  and  preserved  until  required,  in  dose  vessels.  The 
magneto-electric  machine  to  be  presently  described,  §467,  is  now 
generally  employed  for  firing  such  fuses,  and  it  is  stated  that  one 
such  machine  contained  in  a  box  of  a  cubic  foot  in  size,  worked 
by  hand,  in  a  telegraph  office  in  Washington,  has  exploded  a 
cartridge  of  powder  in  an  office  in  New  Yoi^,  over  200  miles 
distant.  Another  very  common  application  of  Ruhmkorff's 
coil,  is  to  the  simultaneous  lighting  of  theatres  and  large  halls, 
by  the  discharge  of  the  current  through  platinum  points  placed 
in  the  gas-jets. 

460.  The  Iiomliioai  Bfbcti.  The  Luminous  effects  of 
Ruhmkorff's  coil  are  also  very  extraordinary,  and  vary  as  they 
take  place  in  air,  in  vacuo,  or  in  very  rarefied  vapors*  In  the 
air,  a  very  bright  and  loud  spark  is  produced,  which,  with  the 
coils  of  the  largest  size,  has  a  length  of  eighteen  or  twenty 

Defloribe  Stathun's  ftue.'  What  appUoatloDS  are  made  of  these  Ahm?— 400.  neaeribe 
ihe  Lumiuoiu  effoete  of  Bnhmkorff  ^s  ooU  in  air :  m  wutio. 
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Inches*  If  the  discharge  be  made  to  take  place  in  vacuo,  in  an 
exhausted  receiver,  an  extremely  beautifiil  aaroral  light  is  pi*o- 
duced,  extending  through  an  interval  of  one  or  two  yards.  The 
experiment  is  made  by  connecting  the  two  wires  of  the  secon- 
dary coil  with  the  extremities  of  the  electrical  egg,  Fi^.  229. 
This  is  screwed  upon  the  plate  of  an  air  pump,  and  a  vacuum, 
as  complete  as  possible,  produced.  As  soon  as  the  sparks  are 
allowed  to  pass,  a  beautiful  luminous  trail  is  observed  to  How 
from  one  knob  to  the  other,  Fig.  234,  No.  1^  the  negative  ball 

Fig.  284. 


The  Luminous  effects  of  Ruhmkorff^s  CoiL 

18  surrounded  by  a  quiet  glow  of  light,  whilst  a  pear-shaped 
luminous  discharge  takes  place  from  the  positive  ball ;  between 
the  two  is  a  small  interval,  nearer  to  the  negative  than  the  pos- 

How  k  Um  ezpetiment  performed?    Peicribe  No  1,  In  Fig.  284. 
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itive  ball  which  is  not  laminoQs.    The  discharge  is  constant^ 
and  as  bright  as  that  obtained  from  a  powerful  electrical  mm- 
chine.    When  the  exhaustion  of  the  receiver  is  very  perfect^ 
the  luminous  portion  is  traversed  by  a  series  of  dark  bands  or 
arches   concentric  with   the   positive  ball,  Fig,  284,  No.   2 : 
the  presence  of  a  little  vapor  of  pliosphorus  renders  these  dark 
bands  much  more  distinct.     If  the  finger  be  applied  at  the  side 
of  the  egg,  the  connection  of  the  lower  knob  with  the  negative 
pole  of  the  coil  bemg  broken,  the  trail  suffers  a  curious  devia- 
tion, and  is  drawn  towards  the  finger.  Fig,  234,  No.  3.     The 
positive  pole  possesses  the  most  brilliancy,  and  its  light  is  red, 
like  fire,  while  that  of  the  negative  pole  is  feeble,  and  of  a 
violet  color.     If,  instead  of  using  an  electric  egg,  the  receiver 
of  an  air  pump  be  employed,  containing  a  tumbler  made  of 
Uranium  glass,  lined  with  tin-foil  about  half-way  up  the  inside, 
and  a  metallic  rod  be  passed,  air-tight,  through  the  top  of  the 
jar,  until  it  touches  the  metallic  lining  on  the  inside  of  the 
tumbler ;  then,  on  connecting  one  pole  of  the  coil  with  the  plate 
of  the  air-pump,  j^^.  235,  and  the  other  with  the  sliding  rod, 
a  beautiful   and  continuous    cascade   of 
Fig.  286.  electric  light  will  pour  over  the  edge  of 

the  tumbler  upon  the  metallic  plate  of  the 
pump.  The  effect  is  heightened  if  the 
tumbler  be  placed  upon  a  glass  dish  wash- 
ed over  with  sulphate  of  quinine:  a  blue 
fluorescence  will  be  produced  which  will 
contrast  well  with  the  yellow  glas.^. — 
By  introducing  the  vapors  of  different 
substances  and  different  gases,  the  light 
of  the  electric  egg  is  entirely  changed,  and 
a  very  curious  stratified  light  produced, 
varying  with  the  substance  employed. 
The  best  method  of  procedure,  is  to  seal 
The  Uranium  Giass,  wircs  of  platinum  into  the  extremities  of 
a  glass  tube,  introduce  the  gases,  and  then 
exhaust  the  tube  more  or  less  completely.  Thus,  if  a  long 
wide  glass  tube.  Fig,  236,  containing  sticks  of  caustic  potash, 
at  p,  be  filled  with  carbonic  acid  gas,  and  exhausted  by  the 
air-pump,  the  residual  carbonic  acid  will  then  be  absorbed  by 
the  potash,  and  the  vacuum  thus  made  very  nearly  perfect. 
The  effects  observed  on  connecting  the  wires  +  and  — ,  with 

De^ribe  No.  2 :  No.  3.    What  i«  the  efCect  of  using  an  Uxaniuia  gUtt?    Wbat  li  Um 
effect  of  employing  the  TMua  of  dUferent  f —  " 
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iMminouM ^ecU  of  Rmhmko^^a  (hUim  avaatftmqf  OuhotiieAeUL 


the  poles  of  the  secondary  coil  of  Ruhmkoi*ff,  vary  with  the 
perfection  of  the  vacuum.  If  it  be  merely  that  which  can  be 
produced  by  an  ordinary  air-pump,  no  stratification  is  obtained, 
and  only  a  diffuse  lambent  light  fills  the  tube  ;  if  the  rarefaction 
be  carried  a  step  further,  narrow  striae,  like  ruled  lines,  traverse 
the  tube,  Fig.  237,  No.  1 :  a  fbrther  rarefaction  increases  the 

Fig.  237. 
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'iialitlli'41    yi 


iMminmu^ecti  waying  with  the  eompleteneu  qf  the  ^aemtm. 

breadth  of  the  bands :  if  pushed  still  further,  the  bands  assume 
a  cup-shaped  or  conical  form.  Fig.  237,  No.  2 ;  and  finally,  a 
series  of  luminous  cylinders,  with  narrow  dark  lines  between 
them,  Fig.  237,  No.  3 ;  lastly,  when  the  vacuum  approaches 
perfection,  all  the  discharge  and  light  absolutely  cease.     When 

DnciftMllicefliBctofftCarboQkaddTaoiiiimaudeiiMraMulBMNCOiBi^         What 
>4i  tlMiAciwliMi  tb0  Taooom  ii  pecfisot? 
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the  stratification  is  most  distinct,  a  dark  Space  appears  at  tlie 
negative  pole,  and  the  platinum  wire  is  seen  to  be  covered  with 
a  bluish  glow  of  light,  within  which  the  metal  glows  as  if  red 
hot :   as  the  experiment  is  continued  and  the  wire  rises  consid- 
erably in  tempemture,  portions  of  the  negative  wire  are  grad- 
ually thrown  off  in  the  form  of  fine  metallic  particles.     The 
shape  and  color  of  the  strise  vary  with  the  gases  employed.     In 
hydrogen  the  light  is  white  and  red ;  in  carbonic  acid,greeni-^h ; 
in  nitrogeui orange  yellow.     The  light  furnished  by  hydrogen, 
nitrogen,  carbonic  acid,  and  other  gases,  give  different  fpectra 
when  decomposed  by  the  prism  and  viewed  through  a  telescope. 
With  oxygen,  a  good  characteristic  spectrum  is  not  obtained, 
on  account  of  its  gradual  disappearance  and  combination  with 
the  platinum  of  the  pole ;  the  bi-oxide  of  nitrogen  is  decom- 
posed, giving,  after  a  brief  interval,  the  spectrum  of  pure  nitro- 
gen in  great  splendor ;  aqueous  vapor  is  decomposed,  and  the 
spectrum  of  hydrogen  produced :  with  ammonia,  the  spectra  of 
hydrogen  and  nitrogen   super-imposed,  are  obtained.     If  the 
vapor  of  spirits  of  turpentine,  pyroligneous  acid,  alcohol,  or  bi- 
sulphide of  carbon,  are  introduced  into  such  tubes  before  the 
exhaustion,  the  aspect  of  the  light  is  still  further  modified,  and 
some  very  magnificent  effects  obtained.    In  an  absolute  vacuum, 
the  current  does  not  pass  at  all,  the  transport  of  some  material 
particles  being  always  necessary  for  its  passage.     Glass  tubes 
containing  highly  rarefied  gases  and  vapors,  and  of  various 
forms  and  sizes,  are  constructed  with  great  ingenuity  by  M. 
Geissler,  of  Bonn,  and  may  be  procured  in  this  country  of  the 
principal  philosophical  instrument  dealers.     The  light  produced 
is  oftentimes  of  the  most  beautiful  and  varied  character,  and  the 
phenomena  are  sometimes  made  still  more  brilliant  &om  the 
fluorescence  which  the  discharge  excites  in  the  glass. 

461.  The  flight  intarmittont,  and  a^Nstod  by  the  Hagaet. 
The  stratified  light  of  Ruhmkorff 's  coil  is  intermittent  in  its 
character,  on  account  of  the  nature  of  the  apparatus.  This  can 
be  shown  very  beautifully  by  causing  one  of  the  vacuum  tiibes 
to  revolve  very  rapidly  upon  an  axle,  the  two  arms  projecting 
at  right  angles  to  the  axi:?,  like  the  spokes  of  a  wheel,  one  ex- 
tremity of  the  tube  being  in  constant  contact  with  one  end  of 
the  coil,  and  the  other  with  the  other  end.  As  the  rotation  goes 
on,  the  tube  will  be  visible  momentarily,  the  experiment  being 
made  in  the  dark,  several  times  during  each  revolution,  and 

What  if  the  effect  upon  the  ptottnam  wiree?  What  is  the  color  in  HTdrogen ?  in  Gar> 
bonlc  add  ?  in  Nitrogen  ?  Do  the  dilforent  gasee  |^f«  dlfisraat  speotm  when  theic  UglU 
U  decompoaed  b/  the  Priem  ? 
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"will  produce  the  appearance  of  a  star  of  light,  each  arm  of  the 
star  possessing  distinct  stratified  bands,  and  appearing  to  be  sta- 
tionary on  account  of  the  briefness  of  the  time  for  which  it  is 
visible.  The  phenomena  of  stratification  are  not  owing  to  the 
undulations  produced  by  the  rapid  succession  of  the  secondary 
currents,  for  the  same  effects  have  been  produced  from  a  water- 
battery  of  3,500  cells,  also  from  400  small  Grove's  cells ;  the 
quantity  transmitted  was  so  small,  that  the  amount  of  water  de- 
compoied  by  the  current,  as  estimated  by  a  voltameter,  §381,  was 
almost  inappreciable,  but  a  beautifully  distinct  stratification  was 
observed :  this,  however,  was  not  the  true  voltaic  arc ;  on  bring- 
ing the  two  polar  wires  of  the  battery  very  near  each  other, 
the  true  voltaic  arc  was  suddenly  established,  a  great  ri^e  of 
temperature  took  place,  and  the  arc  seen  to  be  also  distinctly 
stratified.  These  stratified  discharges  are  powerfully  affected 
by  the  magnet,  in  accoi*dance  with  the  same  laws  with  which 
it  acts  on  all  movable  conductors:  if  one  of  the  exhausted 
tubes  be  suspended  vertically,  with  the  negative  pole  under- 
most, it  will  be  found  on  bringing  one  end  of  a  powerful 
magnet  near  the  extremity  of  one  of  the  band^  in  the  direction 
of  the  axis  of  the  tube,  that  the  stratification  will  be  changed 
and  made  to  assume  the  appearance  of  a  luminous  spiral  spring 
stretched  out.  The  negative  pole  seems  to  be  specially  affected 
by  the  magnetic  force,  the  lines  of  light  assuming  a  position 
parallel  to  that  of  the  magnetic  curves,  §447.  It  has  also  been 
ascertained  by  Mr.  Gas<iot,  that  by  arranging  a  vacuum  tube 
so  as  to  cross  the  lines  of  magnetic  force  of  a  powerful  electro- 
magnet, the  discharge  can  be  instantly  arrested  by  magnetizing 
the  electro-magnet;  and  by  de-magnetizin;i;  the  magnet  thii 
discharge  is  immediately  renewed.  De  la  Rive  has  shown  that 
if  one  pole  of  a  powerful  bar  electro-magnet  be  introduced  into 
the  axis  of  an  electric  egg,  into  which  a  little  spirits  of  turpen- 
tine has  been  introduced,  and  then  exhausted,  the  electro-mag- 
netic bar  extending  up  to  the  centre  of  the  egg,  and  being 
covered  with  glass  in  such  a  way  that  the  electric  discharge  from 
Ruhmkorff's  coil  is  compelled  to  pass  from  its  uppenextremity, 
over  the  glass,  to  a  copper  ring  at  the  bottom  of  the  eggy  pro- 
ducing a  more  or  less  irregular  flow  of  light  over  the  electro- 
magnet,— the  instant  the  electro-magnet  becomes  magnetized 
by  the  passage  of  the  battery  current,  the  light  ceases  to  stream 
from  every  point  of  the  upper  end  of  the  magnet,  and  is  con- 
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Fig.  238. 


densed  into  a  single  luminous  arc  extending  vertically  fit>in  the 
top  of  the  magnet  to  the  bottom  of  the  egg,  and  then,  which  is 
the  most  remarkable  part  of  the  experiment,  it  begins  to 
revolve  slowly  around  the  axis  of  the  m^net,  turning  in  one 
direction  or  the  other,  according  to  the  direction  of  the  current 
in  the  electro-magnet,  and  the  direction  of  the  current  from  the 
coil.  As  soon  as  the  magnet  is  de-magnetized,  the  vertical 
spark  disappears  and  resumes  its  even  ^ow.  This  is  thought 
to  prove  that  the  rotary  motion  from  east  to  west,  observed  in 
the  Aurora  Borealis,  may  be  referred  to  the  influence  of  terres- 
trial magnetism. 

462.  The  Application  of  Gairaler'a  Tabes  to  medical  pm^- 
poiea  and  the  illnmination  of  Mines.     The  light  of  Getssler's 
tubes  has  been  recently  applied  to  medical  purposes.     A  long 
capillary  tube,  a,  Fig,  238,  is  attached  to  two  bulbs,  provided 
with  platinum  wires :  this  tube  U  bent 
in  the  middle,  so  that  the  two  branches 
touch,  and  their  extremities  are  twist- 
ed at  a;  the  whole  is  filled  with   a 
highly  rarefied  gas.     On  the  pas^iage 
of  the   current,  a  sufficiently  bri^^t 
light  is  produced  at  a,  to  illuminate 
the  nostriLs,  the  throat,  or  any  other 
cavity  of  the  body  into  which  the  tube 
may  be  introduced,  and  allow  of  its 
tboraugh  examination. 

M.  Gassiot  has  devised  a  simple 
modification  of  Geissler's  tubes  for  the 
purpose  of  illumination.  Fig,  239.  It 
consists  of  a  carbonic  aoid  vacuum 
tube,  of  about  one-sixteenth  of  an 
inch  internal  diameter,  wound  in  the 
form  of  a  flattened  ppiral.  The  wider  ends  of  the  tubes,  in 
which  the  platinum  wires  are  sealed,  are  almost  two  inches  in 
length,  and  half  an  inch  in  diameter,  and  are  shown  by  the 
dotted  lines.  They  are  enclosed  in  a  case  of  wood,  indicated 
by  the  outside  line,  leaving  the  spiral  only  exposed.  When 
the  discharge  from  RuhmkorfF's  coil  is  transmitted  through 
the  platinum  wires,  the  spiral  becomes  intensely  luminous,  ex- 
hibiting a  brilliant  white  light.  The  discharge  may  bo  trans- 
iniiteil  through  fourteen  miles  of  copper  wire,  from  a  coil  giving 
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a  spark  one  inch  in  length,  without  diminishing  the  luminosity 
Fiff  289  ^^  '^®  spiral.     The  application  of  this  light 

to  mining  purposes  has  been  suggested  by 
Dumas  and  BenoiU  They  have  succeeded 
in  constructing  a  battery  in  a  convenient  and 
portable  form,  of  sufficient  power  to  keep  up 
a  regular  light  for  twelve  hours.  The  ad- 
vantage of  this  mode  of  illumination,  is,  that 
no  beat  is  emitted  by  the  light,  and  the  tube 
remains  cold:  the  gas  of  the  mine  has  no 
access  to  it,  so  that  there  is  no  danger  of  ex- 
plosion: there  is  no  evolution  of  noxious 
gases  and  it  can  be  lighted  and  extinguished 
at  wilK 

463.  AppUcation  of  Rnhmkorff's  Ooil  to 
spectram  analysis.  One  of  the  most  inter- 
esting applications  of  Kuhmkorff's  coil,  is 
to  the  determination  of  the  characteristic  lines 
exhibited  by  the  spectra  of  the  various  cliera- 
ieal  elements,  §285.  Most  of  the  metals 
require  a  higher  temperature  than  that  of 
common  flame,  in  order  tliat  their  vapors 
may  becom:^  luminous,  but  they  may  be  heated 
up  to  the  requisite  degree  by  means  of  the 
electric  spark,  which  in  passing  between  two 
pieces  of  the  metal  in  ques.tion,  attached  to  the  poles  of  the  coll, 
volatilizes  a  small  portion,  and  heats  it  so  intensely  as  to  ena- 
ble it  to  give  otf  its  peculiar  light.  The  permanent  gases  ako 
give  characteristic  spectra,  as  above  described,  if  strongly 
h3ateil  by  the  passage  of  the  electric  spark.  The  arrangement 
of  Ruhmkorff 's  coil  for  exhibiting  the  spectra  of  the  metals,  is 
shown  in  Fig.  240:  +  and  — ,  repre^^nt  the  positive  and  neg- 
atiye  wires  connected  with  the  two  poles  of  the  secondary  coil: 
C,  is  a  condenser,  consisting  of  two  sheets  of  tin-foil  separated 
by  a  gla^s  plat«;  between  these  plates  and  each  polar  wire  a 
metallic  communication  is  formed,  as  shown  in  the  Fig,:  t,  is  a 
support,  the  shaft  of  which  consists  of  a  glass  rod :  o,  o,  are 
balls  mide  of  the  metal  in  question,  and  constitute  the  true 
po-es  of  the  secondary  coil,  between  which  the  spark  passes :  s, 
is  the  spectroscope,  constructed  upon  the  same  plan  as  the  one 
previoisly  described,  Figs.  108,  110:  #,  is  a  screen  for  the  pro- 
tection of  the  eye  of  the  observer.     At  each  passage  of  the 
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Fig.  240. 

1  , 


Tfu  Spectrum  Esuanination  of  the  Metals  6y  Ruhmkorff'^s  Co&, 


spark,  po-tions  of  the  metal  of  the  balls  are  torn  off,  and  at  the 
same  moment  intensely  heated,  and  made  to  emit  its  peculiar 
light,  which  is  then  viewed  by  ihe  telescope  through  the  pi  ism. 
For  the  determination  of  the  spectra  of  the  gases  it  is  only 
necessary  to  direct  the  spectroscope  to  the  light  emitted  when 
the  electric  current  of  the  coil  is  transmitted  through  the  ex- 
hausted tubes  already  described.  For  a  full  description  of  the 
spectra  of  the  metals,  see  §285,  280.  287. 

464.  Chemical  Bffbcts.  The  chemical  effects  of  Ruhm- 
korff  *s  coil  are  quite  singular  and  very  different  from  those  of 
the  battery.  This  is  owing  to  the  fact,  that  the  secondary  cur- 
rent possesses  the  double  qualities  of  electricity  of  quantity, 
like  that  of  the  battery,  and  electricity  of  intensity,  like  that  of 
the  machine.  Now  it  is  well  known  that  the  chemical  act  "on 
of  electricity  is  very  different  when  it  is  electricity  of  intensity, 
and  acts  interruptedly  by  means  of  sparks,  or  electricity  of 
quantity  acting  in  a  conMnuons  current.  In  the  first  ca*^e.  th*' 
decoTnposinpj  action  or  electricity  of  intensity,  like  that  furnisl  ed 
by  the  electrical  machine,  is  to  discharge  a  mixture  of  both 
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oxygen  and  hydrogen  at  both  poles,  while  in  the  last  case,  the 
decomposing  action  of  electncity  of  quantity,  is  to  completely 
separate  the  two  gases  and  set  free  one  at  each  pole:  conse- 
qufintly,  as  the  secondary  current  produced  by  RuhmkorfT's 
coil,  partakes  of-  the  qualities  of  electricity  both  of  quanti'y 
and  intensity,  it  might  be  expected  that  its  chemical  effects 
would  be  very  various.  Thus,  according  to  the  form  of  the 
pliitiuum  poles  introduced  into  acidulated  water,  their  di-tance 
f  om  each  other,  and  the  degree  of  acidulation  in  ihe  water, 
lum!no  is  discha  ges  may  be  obtained  between  the  pole-,  with- 
out de  ompo  ition  of  the  water,  or  decomposition  of  the  water 
with  the  separation  of  the  gases  from  each  o'her,  and  their  dis" 
chai-ge,  one  at  eaeh  pole,  similar  to  the  decomposing  effects  of 
the  galvanic  current,  or  decomposition  of  water  with  the  gases 
mixed  and  dischar^ied  at  the  same  pole,  theie  being  no  action 
at  the  other ;  or,  finally,  decomposition  of  the  water  and  the 
gases  set  free  mixed  at  both  poles. 

6a  es  may*  al  o  be  combined,  and  the  componnd  gases  and 
vapors  deco  upo  ed  by  the  action  of  the  spark  of  the  secondary 
current*  Thus,  if  a  tube  filled  with  air  be  hermetically  sealed, 
&s  in  Fig,  24 1 ,  the  oxygen  and 
nitrogen  of  the  air  combine 
unler  the  influence  of  the  cur- 
rent, and  at  the  end  of-  fen 
minutes  to  an  hour-it  is  filled 
with  orange  colored  vapors  of 
nitrous  acid.  This  experiment 
illustrates  the  formation  of  ni- 
trois  acid  in  the  atmo.^phere 
under  the  influence  of  elec- 
tricity. If  oxygen  be  enclosed 
in  a  tube  with  a  .solution  of 
starch  and  iod'de  of  po'assium, 
as  in  Fig.  242,  and  a  suc- 
cession of  sparks  be  pa-sed 
through  it,  one  by  one,  the 
m'xture  will  soon  exhibit  the  characteristic  blue 
color  of  that  peculiar  modification  of  oxygen 
called  o  'one :  the  sparks  must  succeed  each 
other  slowly  and  gently.  This  experiment  is  also 
interesting  as  showing  that   the  ozone  which  is 
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found  to  exist  in  the  air,  may  also  be  due  ia  tire  action  of 
electricity  on  the  atmosphi're.  The  pas-iuge  of  ihe  i^pa^k 
through  compound  gases  wid  vapurs,  is  iitteDded  by  a  jiar- 
tial  separation  of  their  component  elements:  in  the  case  of 
steam,  oxygen  appears  at  the  positive  pole,  and  hydrocren  af  the 
negiiiive;  and  long  sparks  are  found  to  be  more  etrectuial  in 
producing  decomposition,  than  short  ones.     Thus,  id  /Vy.  24^, 

Fi^.  243. 


Decomposition  of  Steam  by  Ruhmkorff's  CoiL 

A,  19  a  half-pint  flask,  with  a  cork  in  which  three  holes  are 
bored ;  in  one  of  these  is  inserted  the  glass  tube  B,  which  dips 
beneath  the  lower  end  of  n,  in  the  t.ough  of  water  c;  in  the 
others  the  gla>s  tubes  D  and  E,  are  inserted,  endosing^  platinum 
wires  projecting  about  one  inch  into  the  flask,  and  appxesich> 
m<:^  within  1-1 6th  of  an  inch  of  each  other,  so  that  the  spark 
may  readily  pass  between  them:  d  and  E,  are  (oimected  by 
wires  with  the  poles  of  Ruhmkoi-fTs  coil  r.  The  water  in  the 
flask  is  boiled  about  flf  een  minutes,  until  all  the  air  which  it 
contains  has  been  displaced  by  steam ;  when  this  is  the  cafe, 
the  bubbles  of  steam  will  condense  in  c,  and  no  bubbles  of  air 
rise  into  the  inverted  tube  h,  filled  with  water:  if  at  this  mo- 
ment, the  water  still  boiling,  the  commutator  of  the  co'l  he 
turned  so  as  to  esUiblish  a  connect'on  with  the  battery,  spai  ks 
will  flash  through  the  steam  in  A,  decomposing  it,  and  filling, 
the  tube  h  with  a  mixture  of  oxygen  and  hydrogen,  which  may 
be  tested*  by  clo-ing  the  tube  with  the  thumb  and  applying  a 
lighted  match  ;  a  sharp  detoiiat'on  will  take  place.  The  power 
c "  the  seconlary  iTulueed  current  in  eflecting  tlie  combination 
or  decomposition  of  gases  and  vapors,  is  much  greater  than  that 
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of  the  ordinary  cylinder  or  plate  electrical  machine.  As  the 
condenser  simply  increases  the  intensity  of  the  electricity  of  the 
secondary  wire,  and  not  its  quantity,  no  gain  in  the  amount  of 
the  substance  decomposed  is  effected  by  its  use. 

465.  Tho  convortioii  of  Carbon  into  tho  Diamond  by  the 
lonr-continnod  action  of  tho  OoiL  M.  Despretz,  who  for  a 
long  time  has  been  engaged  in  experiments  upon  the  effect  of 
heat  on  carbon,  is  said  to  have  succeeded  in  converting  carbon 
into  diamonds  by  the  action  of  the  induced  current  of  Ruhm- 
korff 's  coiL  He  fastened  a  small  piece  of  sugar,  which,  as  is 
well  kno  vn,  contains  a  large  amount  of  carbon  in  a  state  of  ab- 
solute purity,  to  the  lower  positive  ball  in  the  electric  e^^gy  and 
to  the  upper  ball  a  tuft  of  very  fine  platinum  wire  for  the  pur- 
pose of  catching  the  sublimed  carbon.  A  vacuum  was  then 
produced  and  the  electric  current  allowed  to  traverse  the  appa- 
ratus for  several  months.  At  the  end  of  this  time  -the  plati- 
num wires  were  found  to  be  covered  with  fine  black  powder,  in 
which  were  discovered  traces  of  cry.^tallization.  Among  these 
Crystals,  some  were  found  of  a  black  color,  others  were  perfectly 
translucid,  and  were  found  to  be  regular  octoedra  of  a  pyramidal 
form.  When  examined  by  a  lapidary,  they  were  found  to  be 
possessed  of  all  the  properties  of  the  diamond.  Rubies  were 
very  quickly  polished  with  their  powder,  and  the  crystals 
burned  in  air  without  leaving  any  reiidue. 


460.  Magnoto-Blectrie  Machines.  —  The  principles  on 
which  they  depend.  These  are  machines  for  generating  cur- 
rents of  electricity  by  the  revolution  of  coils,  in  front  of  the 
poles  of  powerful  permanent  or  electro-magnets.  In  Page's 
and  Ruhmkorff 's  coils,  the  secondary  current  is  produced  partly 
by  the  inductive  infiuenco  of  the  primary  current,  and  partly  by 
that  of  the  electro-magnet  In  the  magneto-electric  machine, 
the  electric  current  is  produced  by  the  inductive  influence  of 
powerful  permanent  magn'^s.  By  bringing  a  magnet  near  a 
coil  composed  of  fine  covered  wire  and  forming  a  closed  cir- 
cuit, it  has  been  shown,  §442,  Fig,  219,  that  a  momenta'^ 
current  of  electricity  is  induced ;  and  again,  that  when  such 
magnet  is  removed  from  the  coil,  another  momentary  current^ 
in  the  opposite  direction,  is  induced.  It  has  also  been  stated, 
that  the  two  poles  of  the  magnet  induce  currents  in  opposite  di- 

465.  Whnt  It  the  effacfc  of  the  coll  oo  Carbon  ?    DMcrlbe  Despreti'  experimentt.— 408. 
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rection<»,  i.  e.,  if  the  north  pole  of  the  raagnet  be  introduced  info 
the  coil,  Fig,  219,  and  a  current  obf  erved  to  flow  from  left  to 
right,  as  shown  by  the  galvanometer,  and  then  the  north  pole  be 
withdniwu  and  the  south  pole  be  introduced,  a  current  of  elec- 
tricity will  be  induced  in  the  opposite  direction,  or  from  right  to 
left: — moreover,  that  these  effects  are  reversed  if  the  dli-ection 
of  the  winding  is  changed ;  i.  e.,  if  the  north  pole  of  the  magnet 
bo  introduced  into  a  right  hand  coil,  the  current  will  be  in  the 
inverse  direction  to  that  which  ii  induced  when  the  same  |K)Ie 
is  introduced  into  a  left  hand  coil:  if  the  south  pole  of  the 
magnet  be  employed  instead  of  the  north  pole,  the  same  results 
follow  ;  so  that  if  two  coils  are  wound  in  the  same  direction^  and 
placed  side  by  side,  and  a  north  pole  of  a  magnet  be  introduced 
into  one  coil,  and  a  south  pole  into  the  other  simultaneously,  a 
current  will  be  induced  in  each  coil,  in  opposite  directions  :  but 
if  the  coils  are  wound  in  opposite  directions,  and  a  north  pole  bo 
introduced  into  one,  and  a  south  pole  in'o  the  other  at  the  same 
moment,  a  current  will  be  induced  in  each  in  the  same  direction. 
This  is  equally  true,  if  instead  of  introducing  pemianent  mag- 
nets into  the  coil-,  these  are  wound  upon  soft  iron  cores,  and  then 
the  cores  are  magnetized  and  de-magnetized  by  the  inductive  ac- 
tion of  powei-ful  permanent  magnets  suddenly  brought  near  and 
removed  from  their  extremities.  Consequently,  if  a  coil  of  fine 
insulated  wiie  be  wound  uiK>n  a  core  of  soft  iron,  and  a  powerful 
penujinent  magnet  be  presented  to  one  extremity  of  the  iron 
core,  first  by  one  pole,  and  then  by  the  other,  the  soft  iron  will 
become  magnetized  and  de-magm^tized,  upon  every  a})proach  and 
njmoval  of  the  magnet ;  and  a  current 
Fig.  244;  of  electricity  made  to  circulate  through 

the  coil,  first  in  one  direction  and  then 
in  the  other.  If  there  are  two  such 
pieces  of  soft  iron,  with  coils  wound  in 
opposite  directions,  and  having  the  ends 
of  the  wires  soldered  together  fo  as  to 
form,  in  effect,  but  one  closed  circuit, 
and  the  north  and  south  pole  of  a 
horse-shoe  magnet  be  presented  at  the 
same  moment  to  both,  tliey  will  become 
oppositely  magnetized,  and  a  momentary 
_  current  of  electricity  in  the  same  direo 

revolving  in  front  of  a  Magnet,     tion  be  m-luccd  ui  cach  coii  at  cvcry  ap- 

Why  mtiiit  the  coiU  be  wound  in  opposite  directions?    Deocribc  the  suceesalTe  effects 
which  take  place  when  the  wound  arumture,  c,  Fig,  244,  is  made  ta-reTolve. 
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proach  and  removal  of  the  magnet  If,  then,  in  Fig.  244,  N  and 
8  be  the  poles  of  a  powerful  magnet  firmly  fixed,  and  C,  a  horse- 
shoe armature,  wound  with  two  coils  of  fine  wire  in  opposite 
directions,  having 'their  ends  connected  so  as  to  form  a  closed 
circuit,  and  arranged  to  revolve  about  a  vertical  axis,  so 
that  A,  after  half  a  revolution,  will  be  above  8,  and  b  above  N, 
it  is  evident  that  so  long  as  the  armature  is  at  rest,  it  is  magnet- 
ized by  the  induciive  influence  of  the  permanent  magnet,  the 
poles  being  reversed ;  but  the  instant  the  armature  beg'ns  to 
revolve,  it  is  de-magnetized,  and  a  momentary  current  of  elec- 
tricity is  induced  in  the  coils,  which  entirely  ceases  by  the  time 
it  ha^  made  a  quarter-revolution.  Were  the  coils  wound  in  the 
same  direction,  the  momentary  currents  circulating  in  each, 
would  move  in  opposite  directions ;  but  as  they  are  w^ound  iu 
opposite  directions,  momentary  currents  in  the  same  direction 
arc  induced  in  both.  As  the  armature  moves  beyond  the  quar- 
ter-revolution, and  its  extremities  approach  the  poles  of  tlie 
permanent  magnet,  they  agam  become  magnetized  by  induction, 
and  it  mii^ht  be  supposed  that  an  electrical  current  would  be 
inluced  in  each  coil,  in  a  contrary  direction  to  what  it  was  in  the 
first  quarter-revolution,  because,  as  we  have  seen,  the  currents 
induced  by  removing  the  magnet  from  a  coil  and  restoring  it,  are 
always  in  the  opposite  direction ;  but  as  the  extremities  of  the 
armature  are  now  approaching  reverse  poles,  this  effect  is  neu- 
tralized, and  the  new  currents  of  electricity  induced  in  the  coils 
in  the  second  quarter-revolution,  are  in  the  same  direction  with 
those  in  the  first  quarter,  80  that  in  making  half  a  revolution 
each  coil  experiences  the  induction  of  two  currents  of  electricity 
in  the  same  direction,  in  consequence  of  receding  from  and 
approaching  opposite  poles,  alternately  in  the  two  quarter- 
revolutions,  at  the  same  moment.  In  the  second  hatf-revo^ 
lution,  two  currents  of  electricity  are  induced  in  the  same 
direction  in  each  coil,  but  directly  opposite  to  those  induced 
in  the  same  coils  in  the  first  half,  because  the  coils  are  now 
receding  from  and  approaching  the  reverse  poles,  N  and  s  hav- 
ing interchanged  places  in  reference  to  A  and  b.  Consequently, 
if  c.  were  made  to  revolve  continuously  around  N  and  s,  a  suc- 
cession of  currents,  in  opposite  directions,  in  each  half-revolution 
alternate^,  would  be  made  to  circulate  through  both  coils.  In 
order  that  this  effect  may  be  produced,  it  is  necessary,  as  has 
been  stated,  that  the  ends  of  the  coils  should  be  connected  at 

How  many  currents  are  Indaoed  in  every  half-reTolution  ?    Why  may  these  be  r»< 
ganledM  only  one  current?    What  is  the  final  result ? 
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both  their  extremities,  so  as  to  form  a  closed  circuit ;  and  on 
introducing  a  galvanometer  into  this  circuit,  these  effects  maj 
be  traced  by  the  oscillations  which  are  impaited  to  the  needle. 
The  currents  thus  induced  are  primary  currents,  and  are  not 
suiiiciently  intense  to  produce  powerful  shocks.  For  this  pur- 
pose it  is  necessary  that  the  circuit  be  broken  at  the  exact  mo- 
ment in  each  half-revolution  when  the  induction  of  the  pri- 
mary current  takes  place.  This  break  in  the  primary  current 
produces  in  the  coils  a  direct  extra-current,  §  488,  of  extreme 
intensity,  moving  in  the  same  direction  as  the  primary,  and 
greatly  increasing  its  power.  When  this  extra  current  thus 
induced,  is  transmitted  through  the  body,  the  shocks  become 
almost  insupportable,  and  if  directed  through  carbon  points,  the 
sparks  acquire  great  brilliancy.  For  the  production  of  chemi- 
cal decomposition,  however,  the  primary  current  is  sufficiently 
powerful,  and  no  break  in  the  circuit  is  required.  These  effects 
are  manifested  both  at  the  removal  and  approach  of  the  coils, 
but  more  vividly  at  the  removal  than  at  the  approach,  and  their 
vividness  is  proportioned  to  the  suddenness  of  the  break  in  the 
circuit,  and  the  rapidity  of  the  revolution  of  the  coils. 

467.  Saxton'i  Magneto-Bleetric  Plachiae,  The  first  mag- 
neto-electric machine  for  the  production  of  continuous  currents 
of  electricity,  was  made  by  M.  Pixii  at  Paris,  in  1832:  it  con- 
sisted of  two  coils  of  insulated  wire  wound  upon  iron  cores,  in 
front  of  which,  the  poles  of  a  powerful  magnet  were  made  to 
revolve  with  great  rapidity.  In  1833,  Mr.  Saxton,  of  Phila- 
delphia, invented  a  machine  of  much  greater  power  than  that 
of  Pixii,  in  which  a  curved  armature  with  its  coils,  like  that 
represented  in  Fig,  244,  was  rapidly  revolved  before  the  po'es 
of  very  powerful  permanent  magnets.  It  is  represented  in  Fig. 
245,  and  a  section  of  the  armature  and  its  coils  in  Fig,  246. 
It  consists  of  a  powerful  horse-shoe  magnet,  M,  placed  horizon- 
tally upon  one  of  its  sides :  in  front  of  its  poles,  and  as  clo^e  to 
them  as  possible,  without  actual  contact,  an  aimature  of  soft 
iron  is  made  to  revolve  upon  a  horizontal  axis,  which  admits 
of  being  turned  with  great  rapidity  by  means  of  a  cord  passing 
over  a  multiplying  wheel,  w.  This  armature  consists  of  a  curved 
piece  of  iron  of  such  a  shape  that  its  two  extremities,  a  and  6, 
are  at  the  same  distance  apart,  as  the  two  poles  of  the  magnet, 
and  each  carries  a  coil  of  very  fine  wire,  c  and  d,  carelully 
insulated.     The  two  extremities  of  the  wires  which  form  the 

Why  most  th«  rontlQulty  of  Uie  dreait  be  iotarrapted  in  onUr  to  dirofaiy  Um  car* 
f   Li  Uie  eODcl  mora  powerful  on  Uie  approach  or  nmoTal  of  Um  ooili  t 

i 
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SaxUm^s  Magtulo-Eleetrie  Machitu, 


Fig.  246. 


Armature  and  Coils  of  Saxton^t  Marine, 

f-^rminations  of  the  coils,  h  and  g,  are  united  and  soldered  to 
a  piece  of  copper  passing  through  the  axis' of  the  spindle  on 
which  the  armature  rests,  but  insulated  from  it,  and  termi- 
nating in  the  copper  cross-piece,  k,  which,  at  every  half-re volu- 
,  tion  dips  into  the  mercury  cup,  /,  and  immediately  emerges  from 
it  again,  thus  breaking  and  coiipleting  the  circuit  once  in  every 
half-revolution ;  the  other  ends  of  the  coils,  e  and  /,  are  soldered 
to  the  spindle  it?elf,  and  terminate  in  the  circular  disc  of  copper, 
i,  which  revolves  in  the  mercury  cup,  m,  thus  maintaining  a 


467.  Describe  Saxton'i  Bfachioe. 
ttoDof  tb«coUfl7 


IIow  many  curreDts  are  produoed  at  evciy  reTolu- 
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constant  connection  between  it  and  the  extremities  of  the  wires 
which  form  the  comraencement  of  the  coils.  The  two  mercury 
cu|)s,  /  and  w,  are  insulated  from  each  otlier,  but  may  be  con- 
nected hy  a  curved  wire.  This  curved  wii-e  being  inserted,  it  is 
evident  that  when  either  of  the  ends  of  k  are  immersed  in  the 
mercury  cup,  Z,  a  closed  circuit  isformedy  of  which  the  coils  and 
the  two  mercury  cups  form  parts,  and  that  whenever  the  cross- 
piece  emerges  from  the  mercury  the  continuity  of  the  circuit  is 
broken,  and  the  extra-electric  current  has  an  opportunity  to  mani- 
fest itself.  The  cross-piece,  iE^  is  so  arranged  that  its  ends  shall 
emerge  from  the  mercury  and  break  the  circuit  at  the  moment 
when  the  coils  have  just  left  the  poles  of  the  permanent  mag- 
net to  which  they  have  been  opposed.  Under  thej^e  circum- 
stances, if  the  wheel,  w,  in  Fig.  245,  be  rapidly  turned,  four 
momentary  currents  of  induced  electricity,  two  negative  and 
two  positive,  which  may  be  regarded  as,  in  effect,  but  <ww,  one 
negative  and  the  other  positive,  will  flash  through  the  wires  in 
opposite  directions,  at  every  revolution ;  and  these  will  be  made 
manifest  by  bright  sparks  of  light  whenever  either  arm  of  k 
emei-ges  from  the  mercury  cup,  L  K  the  wii-e  connecting  the 
insulated  mercury  cups  be  removed,  and  wires  inserted  into 
them,  connected  with  the  two  metallic  handles,  H,  e,  which 
may  be  grasped  by  the  hands,  then  these  handles  and  the 
bystander  become  a  part  of  the  closed  circuit,  and  at  every 
revolution  of  the  coils,  four  currents  of  electricity,  in  opposite 
directions,  the  first  two  in  one  direction,  and  the  second  two  in 
the  opposite,  will  flash  through  his  body,  producing  an  insup- 
portable torrent  of  shocks.  If  the  wires  leading  from  the 
two  mercury  cups  be  attached  to  a  galvanometer,  tlie  needle 
will  be  violently  deflected,  twice  in  each  revolution,  firet  in 
one  direction,  and  th^n  in  the  other,  by  the  two  opposite  cur- 
rent's. If  they  be  tipped  with  platinum,  and  dipped  in:o  a 
solution  of  acidulated  water,  this  will  be  decomposed,  oxygen 
set  free  at  the  positive  wire,  and  hydrogen  at  the  negative, 
in  each  half-revolution ;  but  as  the  positive  and  negative  cur- 
rents in  each  lialf-revolution  are  m  opposite  directions,  each 
^  polar  wire  becomes  alternately  positive  and  negative,  and  the 
oxygen  in  the  t^econd  half-revolution  appears  at  the  same  wire 
as  the  hydrogen  in  the  fii'st,  and  the  hydrogen  in  the  second 
at  the  same  wire  with  the  oxygen  in  the  first;  these  imme- 
diately re-combine,  and  tlius  the  chemical  effect  of  the  first  half- 

Wby  may  them  be  refpirded  im  in  eflcct  bufc  two?  Explain  why  Uie  polM  an  alter- 
mtely  aflSectM  with  opposite  kindn  of  electricltv.  What  are  (h6  phyiiological  •ffKta?  Um 
^"^'1  upon  the  magnet?  the  chemical  effects? 
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revolution  is  neutralized  by  that  of  the  second.  In  order  to 
obviate  this  difficulty,  it  is  necessary  to  turn  up  one  of  the  arms 
of  k,  so  that  it  will  not.  touch  the  mercury,  and  thus  suppress 
the  current  in  every  alternate  half  revolution.  By  this  ar- 
rangement, only  two  momentary  electrical  currents  are  produced 
in  every  revolution ;  but  as  they  are  both  in  the  same  direc- 
tion, and  of  the  same  kind,  the  poles  are  not  alternately  rev- 
ersed. The  power  of  the  machine  is  thus  reduced  one-half; 
but  thus  arranged,  this  current  of  induced  electricity  may 
be  used  to  produce  chemical  decomposition,  in  the  same  man- 
ner as  the  current  from  an  ordinary  galvanic  battery. 

468.  Pace's  Magueto-Blectric  SSachino.  The  mercurial 
cups  in  the  instrument  just  described  alteniately  receive  a  cur- 
rent of  positive  and  negative  electricity,  but  by  the  use  of  a 
pole-changer,  their  connection  with  the  wires  which  terminjite 
the  coils  may  be  changed  twice  in  every  revolution,  and  thus 
the  electricity  of  each  cup  be  made  constantly  the  samo,  and  a 
continuous  flow  of  electricity  of  the  same  kind  maintained  i'rom 
each  cup,  that  may  be  used  for  any  of  the  purposes  for  which 
the  electrical  current  of  the  battery  is  generally  ein;)loyed. 
This  object  is  best  accomplished  in  Page's  magneto-elcctriq  ma- 
Fig.  247. 


Pagers  Magneto-EUetricMtuktne. 

chine.  Fig,  247 :  m,  m,  are  two  powerful  permanent  magnets, 
arranged  one  above  the  other  in  such  a  manner  that  the  north 
pole  of  the  upper  magnet  is  above  the  south  pole  of  the  lower, 

Why  muBt  the  current  in  prery  alternate  hnlf- revolution  be  suppressed?  What  eflTect 
ha<(  thiA  upon  the  power  of  Che  machine? — 168.  Describe  Page'd  uucliiae.  How  are  tb« 
coUb  mounted? 
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and  the  south  pole  of  the  upper  above  the  north  pole  of  the 
lower :  A,  A,  are  two  armatures,  each  wound  with  a  coil  of  fine 
wire  in  opposite  directions,  and  mounted  vertically  between  the 
magnets,  so  tliat  their  iron  cores  are  exposed  at  both  extrem- 
ities simultaneously  to  the  inductive  influence  of  the  oppos^ite 
jioles  of  both  magnets,  instead  of  one  extremity  only,  as  in 
Saxton's  machine,  and  become  much  more  powerfully  magnet- 
ized :  these  coils  have  their  extremities  connected  with  oppo- 
site sides  of  the  pole-changer  attached  to  the  vertical  shaf^,  on 
which  the  coils  are  made  to  revolve  by  the  wheel  w ;  p,  n,  are 
binding  cups,  filled  with  mercury,  insulated  from  the  magnets 
and  each  other,  and  connected* with  the  pole-changer  by  wires 
which  press  tightly  upon  its  surface.  At  every  half-revolution 
the  direction  of  the  electrical  current  flowing  through  the  foils 
is  changed,  and  those  extremities  of  the  coils  which,  at  the  pre- 
ceding half-revolution,  discharged  a  positive  current,  now  dis- 
charge a  negative  one;  at  the  instant  that  this  change  takes 
place,  their  coimection  with  the  cups  is  changed,  and  the  ends 
which  formerly  gave  off  positive  electricity,  but  now  negative, 
become  connected  with  the  cup  which  then  received  the  negative 
current,  and  the  ends  which  formerly  gave  off  negative  electri- 
city, but  now  positive,  become  connected  with  the  cup  which  ihen 
received  the  positive  current ;  consequently,  each  cup  receives, 
and  gives  off,  the  same  kind  of  electricity  in  the  second  half- 
revolution,  as  in  the  first  This  change  of  the  ends  of  the  coils 
is  effected  by  the  pole  changer,  represented  in  Fig.  248 :  s,  rep- 
resents a  cross  sec- 
Fig-  248,  tion  of  the  vertical 
shafl  on  which  the 
armatui^s  revolve; 
A  and  B,  are  two 
pieces  of  brass, 
which  encircle  the 
shafl,  but  are  sep- 
arated from  it  by 
P  somfe  non-conduct- 
pagt't  PoU-changer.                           ing  material;  they 

are  also  insulated 
from  each  other  by  the  bits  of  ivory,  t,  %;  the  wires  which 
begin  the  coils  are  firmly  fastened  to  a,  and  those  which 
terminate   them,  to   b:    p  and  N   represent  wires   connected 

How  Is  the  electricity  of  each  cap  kept  constantly  the  Bune?    Deecilbe  the  iyil*> 
changer. 
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witli  the  corresponding  mercury  cups,  pressed  tightly  against 
the  brass  pieces,  a.  and  b.  As  the  shaft  revolves,  a  and  b 
revolve  with  it  and  the  coils ;  the  instant  that  the  haIf-revo-> 
lution  is  teiminated,  the  direction  of  the  current  reversed,  and 
A  begins  to  discharge  negative  electricity,  instead  of  positive, 
the  connection  of  A,  with  the  positive  wire  and  cup  p,  ceases, 
in  consequence  of  the  revolution,  and  is  established  with  the 
negative  wire  and  cup  N ;  at  the  same  instant,  b  is  ceasing 
to  di.'^sharge  negative  electricity,  and  beginning  to  discharge 
positive,  and  its  connection  with  the  negative  wire  N  is  broken, 
and  established  with  the  positive  wire  p.  By  this  simple  ar- 
rangement, the  two  cups,  p  and  n,  are  made  to  discharge  inter- 
mittent momentary  currents  of  the  same  kind  of  electric  ty, 
whidh  approach  more  nearly  a  continuous  flow,  as  the  revolu- 
tion of  the  co'iU  b<*come3  more  rapid,  and  by  combining  several  of 
these  machines  whose  armatures  are  so  arranged  that  each  shall 
in  turn  become  magnetized  just  before  the  preceding  one  has  en- 
tirely lost  its  magnetism,  magneto-electric  machines  have  been 
constructed  by  which  a  continuous  current  in  a  uniform  direction 
can  be  steadily  maintainc^d.  The  break  required,  p.  4G6,  for  giv- 
ing severe  shocks  is  made  by  a  wire  pressing  upon  a  toothed 
wheel.  Fig.  247.  This  is  removed  when  the  instrument  is  used 
for  chemical  decomposition.     See  Expts.,  160, 170,  p.  541. 

469.  Hagneto-Blectricity  used  in  the  Arts,  in  place  of 
Voltaic  Ulectricity,  especially  for  the  illnmination  of  Ligrht- 
honses.  As  the  electrical  current  induced  by  magnetism 
possesses  all  the  decomposing,  heating  and  physiological  pow- 
ers of  the  electricity  of  the  battery,  and  is  much  moi-e  man- 
ageable, because  produced  by  a  definite  amount  of  motion,  it 
is  often  substituted  for  the  electricity  of  the  battery,  in  electro- 
plating. A  single  Saxton's  machine,  if  kept  in  continuous 
revolution,  will  precipitate  from  90  to  120  ounces  of  silver 
per  week,  from  its  solutions,  and  machines  have  been  constructed 
by  which  2^  ounces  of  silver  per  hour,  have  .been  deposited 
upon  articles  properly  prepared.  They  are  employed  with 
great  advantage  by  physicians,  for  the  administration  of  elec- 
tricity to  their  patients,  on  account  of  the  facility  with  which  the 
rapidity  of  the  shocks  may  be  regulated  by  the  motion  of  the 
wheel.  They  are  abo  sometimes  made  use  of  for  telegraphic 
purpo  ics,  where  an  occasional  message  only  ia  to  be  sent,  as  in 
the  case  of  the  fire-alarm  of  cities  for  transmitting  the  alarm 
fro.n  the  central  office  to  every  district  of  the  city. 

4^.  Wh%t  ftpnlWtion^  hnre  been  mAdeof  Migneto-Electric  maohiDos?    What  rasultt 
hay*  bMa  attoinod  in  •toctro-plaUog?  in  Ugbt-hooM  illamiaatkMi  ? 
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These  machines  have  also  been  employed  for  the  production 
of  a  permanent  electric  light  between  two  pieces  of  gas-coke, 
for  Light-house  illumination ;  the  light  can  be  maintained  with- 
out interruption,  so  long  as  the  magnetic  armatures  are  kept  in 
rotation,  and  the  charcoal  remains  unconsumed.  Many  attempts 
have  been  made  to  use  the  intense  light  produced  by  the  carbon 
poles  of  a  powerful  Galvanic  battery  for  the  same  purpose, 
"When  these  poles,  iw  has  been  shown,  §354,  after  having  been 
brought  into  contact,  are  slightly  separated,  even  in  a  vacuum, 
a  light  of  extraordinary  brilliancy  is  produced :  Despretz  has 
calculated  that  the  light  emitted  by  ninety-two  of  Bunsen's 
elements,  arranged  in  two  series  of  forty-six  each,  is  equal  to 
that  of  1,144  candles,  and  is  to  the  light  of  the  sun  as  1  to  2| ; 
and  the  light  emitted  by  two  hundred  and  fifty  element?,  in  a 
grand  experiment  made  by  Profs.  Cooke  ai  d  Rogers,  in  the 
cupola  of  the  State  House,  Boston,  was  calculated  to  be  equal 
to  that  of  ten  thousand  candles.  Kotwithsfanding  the  intensity 
of  this  light,  from  the  difficulty  of  maintaining  a  perfectly  con- 
stant action  in  the  battery,  it  is  too  irregular  to  admit  of  suc- 
cessful use  for  the  illumination  of  Light-houses,  and  although 
tried  under  every  conceivable  circumstance,  it  has  thus  far 
proved,  for  these  purposes,  a  complete  failure.  In  the  mag- 
neto-electric machine,  in  which  the  current  is  produced  by  a 
perfectly  regular  mechanical  motion,  much  greater  success 
has  been  attained.  A  machine  for  this  purpose  was  first  con- 
ftructed  by  NoUet,  at  Brussels,  in  1850,  and  was  aftenvards 
improved  by  Van  ISIalderen.  This  machine  is  represented  in 
Fig.  249.  It  consists  of  a  cast  iron  frame,  5^  feet  high,  on  the 
outside  of  which  eight  series  of  ^ve  powerful  hoi-se-.--  hoe  mag- 
nets, A,  A,  A,  are  arranged  on  wooden  cross-pieces.  Upon  a  hori- 
zontal iron  axis  ext4^nding  from  one  end  to  the  other  of  the 
frame  four  bronze  wheels  are  fastened,  carrying  16  coils  each, 
wound  with  138  yards  of  insulated  copper  wire.  These  coila 
are  made  to  revolve  in  front  of  the  poles  of  the  permanent 
magnets  by  an  endless  band,  which  receives  its  motion  from  a 
steam  engine  not  seen  in  the  Fig,  To  obtain  the  greatest  de- 
gree of  light,  the  most  suitable  velocity  is  235  revolutions  per 
minute.  By  this  rapid  revolution,  magneto-electric  currents 
of  liiprh  intensity  are  induced,  which,  by  the  two  binding  screws 
a  and  6,  are  conducted  by  means  of  long  copper  wires,  to  two 
carbon  points  attached  to  the  sockets  of  one  of  Duboscq's  elec- 

Wl)at  adraotage  has  this  inodo  of  UlumiaaUcMi  orer  Um  Galvanio  Aatteiy  ? 
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Fig.  249. 


J%e  lUununation  of  UgfU-house^. 

trie  lamps,  §356,  as  shown  in  the  Fig.,  mounted  upon  the 
top  of  the  Light-hou-e  Tower.  In  this  machine,  the  current 
in  each  wire  is  not  always  in  the  same  direction ;  each  carbon 
is  alternately  positive  and  negative,  and  they  are  consumed  with 
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nearly  equal  rapidity :  for  the  production  of  the  electric  light, 
it  is  not  necessary  that  the  current  should  be  uniformly  in  the 
same  direction ;  when  used  for  electro-metallurgy,  however,  this 
is  absolutely  requisite.  A  machine  of  four  wheels  gives  a 
light  equal  to  150  Carccl  lamps;  a  machine  of  six  wheels,  a 
light  equal  to  200  Carcel  lamn^. 

470.  Holmes' Bfagiiato-Blectric  Machine  lor  nse  in  Lig-ht- 
houses.  Mr.  Holmes  has  succeeded,  by  the  use  of  a  powerful 
magneto-electric  machine,  in  producing  a  light  of  great  power 
and  intensity,  for  use  in  Light-houses.  The  general  arrange- 
ment of  the  machine  is  the  same  as  in  that  which  has  just  been 
described.  It  consists  of  48  pairs  of  permanent  compound 
bar-magnets,  arranged  in  six  parallel  planes,  so  as  to  form  a 
large  compound  wheel,  between  which  the  armatures,  160  in 
number,  are  arranged  in  five  sets,  the  tota'  amount  of  wire 
with  which  they  are  wound  being  about  half  a  mile  in#  length. 
The  wires  are  insulated  by  cotton,  and  fire  so  arranged  as 
to  maintain  a  continuous  current  in  the  same  direction,  vary-?  * 
ing  from  a  maximum  to  exactly  one-half  the  amount  of  the 
maximum,  in  rapid  succession.  To  facilitate  the  change  in  the 
poles,  the  soft  iron  cores  of  the  coils  are  not  solid  pieces  of  iron, 
but  are  tubes,  single,  double  or  treble,  as  it  is  found  by  expen- 
ment  that  the  same  weight  of  iron,  when  divided  in  this  man- 
ner, loses  or  takes  magnetism  in  touch  less  time  than  when  in 
a  solid  form.  The  steel  bars  weigh  about  one  ton,  and  the 
wheel  is  made  to  revolve  by  a  steam  engine  of  one  or  two 
horse-power,  at  the  rate  of  150  to  250  times  per  minute.  There 
is  a  limit  to  the  velocity  to  be  employed  when  the  maximum  of 
electricity  is  required.  This  light  was  for  several  montha  in 
successful  operation  at  the  South  Foreland  L'ght-house,  on  the 
English  Channel,  and  afterwards  at  Dungene  s,  the  actual  ex- 
pense of  fuel  in  working  the  steam  engine,  being  about  the  same 
aa  that  of  the  oil  formerly  employed,  and  the  light  equal,  pho- 
tometrically, to  14  of  FresneFs  first-dass  Light-house  lamps. 
The  same  light  is  also  used  in  the  noble  Light-houses  of  La 
He  ve,  near  Havre.  This  light  is  nothing  but  the  sparks  first  ob- 
tained from  the  magnet  by  Mr.  Faraday,  Fig.  220,  made  continu- 
ous by  suitable  machinery.  It  is  said  to  possess  extraordinary 
penetrative  power  for  fogs,  and  that  it  shines  so  far  at  times,  that 
even  before  it  has  arisen  al)ove  the  horizon,  twenty-five  miles 
off,  it  can  be  seen.     This  is  jually  regarded  as  one  of  the  mo^t 

Deiicribe  HohnM*  machine.    Whut  is  the  Telocity  of  rerolution  ?     la  what  Llght- 
lu>tt«ee  bus  Ubven  employed?    Ubw  fiir  can  it  be  seen ? 


Digitized  by  VjOOQ IC 


MACHINE.  489 

interesting  scientific  applications  of  modern  times,  and  with  the 
additional  improvements  which  are  steadily  making,  will  no 
doubt  in  time  be  adopted  in  all  the  most  important  Light- 
houses throughout  the  world.  On  the  whole,  however,  up  to 
this  time,  the  preponderance  of  opinion  is  against  the  general 
introduction  of  magneto-electric  machines  into  Light-hou-es,  on 
account  of  their  liability  to  get  out  of  order,  and  the  difficulty 
of  securing  the  skilled  labor  required  for  their  efficient  man  ige- 
m?nt,  there  being,  in  the  opinion  of  the  Brethren  of  the  Trinity 
House, — the  English  Light-h  juse  Board, — no  advantages  which 
can  compensate  for  the  want  of  certainty  in  Light-house  illu- 
mination. In  spite  of  all  the  care  which  the  importance  of 
the  subject  has  rendered  necessary,  the  Dungeness  electric 
Light  entirely  failed,  or  was  inefficient,  for  upwards  of  119^ 
hours,  between  Aug.  1863,  and  O^U  1864;  and  referring  tothis, 
the  Brethren  of  the  Trinity  House  say  that  it  appears  to  them 
to  be  impossible  to  obtain  entire  immunity  from  such  accidents, 
so  long  as  human  nature  is  subject  to  infirmity.  These  fallings 
oflf  and  cessations  have  frequently  rendered  it  necessary  that 
the  Ofxiinary  oil  Lamp  should  be  re-lighted ;  and  notwithstand- 
ing the  power  of  the  magneto-electric  light,  instances  have 
occurred  of  vessels  being  stranded  near  Dungeness.  The  ex- 
pense of  maintaining  an  equal  light  from  Colza  oil,  under  the 
old  oil-system,  from  wax-candles,  Bunsen's  battery,  and  the 
magneto-electric  machine,  being  about  the  same,  tlie  question 
must  be  decided  upon  grounds  of  convenience  and  elfi  iency 
alone.  The  expenditure  of  a  Light-house  of  the  first-clas^,  is 
about  £403  per  annum,  the  light  burning  four  thousand  hours, 
at  an  expense  of  about  two  shillings  per  hour. 

471.  Wilde's  ntagnato-SlDctric  Machine.  A  great  im- 
provement has  recently  been  made  upon  Holmes'  machine  by 
the  substitution  of  powerful  electro-magnets,  in  place  of  perma- 
nent steel  magnets.  It  consists  in  the  application  of  the  current 
from  a  common  magneto-electric  machine,  produced  by  the  revo- 
lution of  coils  before  the  poles  of  a  series  of  small  permanent 
magnets,  to  the  foimation  of  a  powerful  electro-magnet.  This 
is  done  by  causing  the  current  generated  by  the  revolution  of  the 
coils  to  circulate  through  wires  wound  in  the  ordinary  manner 
arotmd  a  piece  of  soft  iron,  so  as  to  convert  it  into  a  powerful 
horse-shoe  eJectro-magnet.  This  electro-magnet  possesses  much 
more  power  than  the  original  permanent  magnets,  on  account 

What  arc  the  ohjecttons  to  their  uoe?    What  in  the  (^omparatlTe  expenm  ^t  the  diflTer- 
tnt  modet  ot  UghthouM  iUuminatloa  ?•— 471.  State  the  priaciple  of  \nide*s  maohioe. 
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,  of  the  intensity  of  the  induced  current,  produced  by  the  revo- 
lution of  the  first  pair  of  coils.  In  front  of  the  poles  of  the 
.  electro-magnet  thus  formed,  a  second  pair  of  coils  is  made  to 
revolve  with  great  rapidity,  and  a  second  induced  current  of 
Btill  greater  intensity  than  the  first  is  obtained.  This  second 
induced  current  is  then  carried  around  a  second  .hor$e-shoe  of 
8ofl  iron  and  a  second  electro-magnet  formed,  of  still  gi*eater 
power  than  the  first.  In  front  of  the  poles  of  this  second 
electro-magnet,  a  third  pair  of  coils  is  made  to  revolve,  and 
a  third  induced  electrical  curiTcnt  of  still  greater  power  than 
the  preceding  is  obtained.  Each  electro-magnet  and  each  in- 
duced current  being  more  powerful  than  those  which  precede 
them,  there  is,  theoretically,  no  limit  to  the  power  which  may 
ie  thus  induced.  A  small  and  weak  permanent  magnet  may 
thus  be  made  to  actuate  a  series  of  electro-magnets  of  con- 
tinually increasing  power.  Wilde's  machine  is  constructed  on 
this  principle.  Fig.  250.  An  armature  s  a,  wound  with  insu- 
lated wire,  is  made  to  revolve  with  great  rapidity  by  means  of 
a  band  from  a  steam-engine  b,  in  front  of  the  poles  of  six  per- 
manent magnets,  mm,  each  weighing  one  pound:  from  this 
armature  the  current  is  transmitted  by  the  wires  p  w,  through 
the  cups  c  c,  to  an  inverted  electro-magnet  e  m,  in  front  of 
whose  poles  a  second  armature,  carrying  coils,  is  made  to  re- 
volve by  means  of  a  band  b  r,  from  the  same  steam  engine : 
from  this  second  armature  the  current  which  is  produced  by  its 
revolution  is  carried  by  the  wires  p  n\  to  a  second  electro-mag- 
net, not  seen  in  the  Fig,,  in  front  of  who  e  poles  a  th'rd 
armature,  carrying  coits,  is  made  to  revolve  by  means  of  the 
same  steam-engine,  and  from  these  coils  the  induced  current  is 
carried  by  wires  to  the  carbon  points  of  a  Duboscq's  electric 
lamp,  as  in  Fig,  249.  The  armatures  employed  in  this  machine 
are  not  wound  or  mounted  in  the  ordinary  manner,  but  according 
to  the  method  of  Siemen.  A  cylindrical  piece  of  iron  whose 
opposite  side.i  are  cut  away,  represented  in  a  side  view  at  G,  >»*a 
I,  Fig.  2ol,  and  in  an  end  view  at  E,  is  wound  from  end  to  end, 
on  each  side  with  covered  wire,  until  the  grooves  on  both  sides  of 
the  cylinder  are  completely  filled :  these  longitudinal  coils  arei 
then  firmly  bound  with  bands  of  brass  H  H,  No.  2,  Fig.  251,  that 
they  may  not  be  displaced  by  the  centrifugal  force  of  the*  revolv- 
ing cylinder:  k  is  the  wheel  for  the  application  of  the  band  from 
thi,*  steam-engine :  1 1  are  axles ;  L  l  is  the  pole-changer.     Tlie 

IIo\r  in  the  current  ioduced  by  the  permanent  magnet  made  to  create  an  electro-mcff- 
ne-  of  much  peater  power,  and  thiM.  one  of  still  gi«ater  power,  and  this  a  third?  Is 
tjera  aujr  limit  to  thi^  process  theoretlcalljr  T 
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WildeU  Magneto- Electric  Machine. 

Fig.  2C1. 
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Sinnen^s  Armature. 


1>(*«rrihe  the  ronstructioa  of  iVilJu's  maehiue     Wh«k)e' armature  ia  employed?    How 
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armature  thus  arranged  is  then  inserted  into  a  cylindrical  hole 
cut  to  receive  it  lengthwise  through  the  pieces  of  iron  c,  c,  which 
are  firmlj  bolted  to  the  lower  ends  of  the  inverted  magnet  e  m, 
E  M.  These  pieces  of  iron  constitute,  therefore,  the  true  poles  of 
the  electro-magnet,  and  are  separated  from  each  other  by  pieces 
of  brass.  The  cylindrical  aperture  is  about  l-20th  o\  an  inch 
larger  than  the  wound  armature,  so  that  it  may  revolve  in  very 
close  proximity  to  the  interior  of  the  hollow  cylinder  without 
touching  it  The  armature  is  supported  at  each  end  by  appro- 
priate brass  supports,  and  revolves  with  great  accuracy.  It  is 
represented  in  place  at  s  a,  ^ig,  250,  and  its  opposite  extrem- 
ity, to  which  the  band  from  the  steam-engine  is  attached,  at  p. 
It  is  shown  in  transverse  section,  with  the  extremities  of  the 
covered  wires,  in  Fig.  252,  where  b  b,  are  the  pieces  of  iron 

bolted  to  the  lower  extremities 
Fig.  262.  of  the  elect ro-magnet,   and  c  c, 

the  brass  pieces  by  which  they 
are  separated.  It  is  evident 
that  by  the  rapid  revolution  of 
this  cylinder  the  longitudinal 
coils,  are  continually  brought 
near  and  removed  from  the  poles 
of  the  electro-magnet  em,  em. 
The    opposite  electric   currents 

^  thus  induced  are  carried  by  the 

The  Armature  in  iu  Socket.  wircs   to  the    polc-changer  ar- 

ran>jed  upon  the  axis  at  l  l, 
Ftg.  251,  and  at  s  A,  Fig.  250,  and  there  converted  in  the 
ordinary  manner  into  permanent  currents  in  one  direction, 
whence  they  are  transmitted  to  a  second  electro-magnet,  or  di- 
rectly to  the  electric  lamp.  The  upper  armature  s  a,  revolving 
between  the  poles  of  the  permanent  magnets  mm,  is  arranged 
upon  the  same  phm.  In  Wilde's  largest  instrument  there  is  one 
set  of  permanent  magnets,  and  two  electro-magnets :  its  primary 
magneto-electric  machine  has  a  cylindrical  armature  of  Ij 
inches  diameter,  actuated  by  six  small  permanent  magnets 
weighing  one  pound  each :  the  induced  current  from  this  arma- 
ture is  transmitted  through  the  coils  of  an  electro-magnet  hav'n;^ 
a  cyUndrical  armature  of  5  inches  diameter ;  and  the  induced 
current  from  this  is  finally  carried  to  the  coils  of  an  electro- 
magnet having  an   armature  of  10  inches   in  diameter:   the 

How  to  the  annatnre  mounted?    Describe  the  arnuxgnnent  of  Wilde's  ln«tniire&t 
of  the  largest  siae.    Uow  to  tlie  inteoBicy  anuatare  wouud  T    The  quanti.jr  armature  t 
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weight  of  the  la?t  ten-inch  electro-magnet  is  nearly  three  tons, 
and  the  total  weight  of  the  instrument  about  four  and  half  tons. 
The  machine  is  provided  with  two  armatures,  one  for  intensity, 
the  other  for  quantity,  p,  429,  which  may  be  used  at  pleasure 
by  taking  out  one  and  introducing  the  other.  The  intensity 
armature  is  wound  with  a  comparatively  long  and  fine  covered 
wire,  376  feet  in  length,  and  weighing  232  lbs.  The  quantity 
armature  is  wound  with  covered  copper  ribbon  67  feet  in  length, 
the  weight  of  which  is  344  lbs.  With  the  three  armatures 
driven  at  a  uniform  velocity  of  1,500  revolutions  per  minute  by 
a  steam  engine  of  about  seven  Ijorae-power,  an  amount  of  mag- 
netic force  is  developed  in  the  large  electro-magnet  far  exceed- 
ing any  thing  which  has  hitherto  been  produced,  and  an  amount 
of  induced  electricity,  when  the  ten-iiich  quantity  armature  is 
employed,  so  enormous  as  to  melt  pieces  of  cylindrical  iron  rod 
fifteen  inches  in  length  and  fully  one-quarter  of  an  inch  in  di- 
ameter, and  pieces  of  copper  wire  of  the  same  length  and  one- 
eighth  of  an  inch  in  diameter.  With  this  armature  in  place, 
notwithstanding  its  tremendous  heating  power,  the  physiologi- 
cal effects  of  the  current  can  be  borne  without  inconvenience : 
immediately  after  fifteen  inches  of  iron  rod  have  been  melted 
the  terminals  may  be  grasped,  one  in  each  hand,  and  the  full 
force  of  the  currrent  sustained;  the  shocks  are  severe,  but 
yet  not  inconveniently  so.  When  an  intensity  armature  seven 
inches  in  diameter  was  employed  in  another  machine,  consisting 
of  one  permanent  and  one  electro-magnet,  and  driven  at  a 
speed  of  1,800  revolutions  a  minute,  the  current  melted  seven 
feet  of  No.  16  iron  wire,  and  heated  a  length  of  twenty-one 
feet  of  the  same  wire  red-hot.  The  illuminating  power  of  such 
a  iturrent  is  of  the  most  splendid  description.  When  an  electric 
lamp,  furnished  with  rods  of  gas-carbon  half  an  inch  square, 
was  placed  at  the  top  of  a  lofly  byilding,  an  arc  of  flame  several 
inches  in  length  was  projected,  and  the  light  evolved  from  it 
was  sufficient  to  cast  the  shadows  of  the  street  lamps  a  quarter 
of  a  mile  distant  upon  the  neighboring  walls.  When  viewed 
fix>m  that  distance,  the  rays  proceeding  from  the  reflector  have 
all  the  rich  effulgence  of  sunshine.  With  the  reflector  removed 
from  the  lamp,  the  bare  light  is  estimated  to  have  an  intensity 
equal  to  4,000  wax  caudles.  A  piece  of  ordinary  eensitive 
paper,  like  that  used  for  photographic  printing,  exposed  to  the 
action  of  the  light  for  20  seconds,  at  the  distance  of  two  feet 

Describe  thn  heating  effectn  of  this  mnchine.    When  the  qoantity  ftnnataro  is  em- 
ployed, vhea  the  iateusity  arnuiure.    lU  pliyniological  eOiBots.   Its  iUumliuUiig  eSsctf. 
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from  the  reflector,  was  darkened  to  the  same  degree  as  a  piece 
of  the  same  sheet  of  paper  when  exposed  ibr  the  period  of*  one 
minute  to  the  direct  rays  of  the  sun,  at  noon,  on  a  clear  day  in 
the  month  of  March.  In  the  month  of  June,  from  a  compariri^n 
of  sunlight  with  the  electric  light  armed  with  the  reflector, 
by  means  of  the  shadows  thrown  by  both  from  the  same 
object,  the  electric  light  seemed  to  possess  three  or  four  times 
the  power  of  sunlight.  That  the  relative  intensity  was  some- 
what in  this  proportion,  was  evident  from  the  powerful  scori'li- 
ing  action  of  the  electric  light  upon  the  face,  and  the  ease  with 
which  paper  could  be  set  on  fire  with  a  burning  glass  wlien 
introduced  into  its  rays.  The  exti'aordinory  ca^onflc  and  illu- 
minating powers  of  the  ten-inch  machine  are  the  more  remark- 
able, when  we  consider  that  they  have  their  origin  in  six  small 
permanent  magnets,  weighing  only  one  pound  each,  and  onlj 
ciipable  of  sustaining  collectively  a  weight  of  sixty  pounds. 
It  has  been  calculated  that  with  a  100-ton  magnet,  hnving  an 
armature  of  32  inches  in  diameter,  and  driven  by  a  1,000  horse- 
})ower  steam-engine,  light  enough  would  be  pitxiuccd,  if  the 
lamp  were  placed  upon  the  top  of  a  high  tower,  to  illuminate 
London  by  night,  more  brightly  than  the  sunlight  does  by  daj. 
Twelve  machines  of  the  ordinary  size  would  illuminate  Broad- 
way, from  the  Battery  to  Fourteenth  St.,  at  much  less  expense 
than  ga.'S. 

One  gi-eat  advantage  of  this  machine  is  its  capability  of  en- 
largement to  any  requirod  power.  If,  instead  of  using  the 
current  from  the  ten-inch  armature  of  the  second  electro-magnet 
for  the  production  of  light,  it  were  to  be  used  in  producing  a 
still  laiger  electro-magnet,  a  vastly  greater  development  of 
j»ower  would  be  the  result.  The  only  apparent  limit  to  this 
multiplication  of  power  is  the  excessive  heat  wliich  would  be 
developed  in  the  rotating  armatures:  this  might,  perhaps,  be 
pushed  so  far  as  to  bum  up  all  the  working  parts,  dissipate  the 
electric  lamp  and  conducting  wires,  destroy  the  attendants,  and 
become  in  fact  perfectly  unmanageable. 

A  practical  application  of  this  Light  has  been  made  to  Pho- 
tojrrajihy :  an  establij-hment  has  been  fitted  up  at  Manchester,  in 
England,  with  one  of  the;=e  machines,  by  which  more  than  tmo 
hundred  negatives  can  be  taken  in  one  day.  Its  constancy  ren- 
ders it  more  reliable  than  an  uncertain  sunlightf  The  oixiinary 
consumption  of  coal  required  to  work  a  7  horse-power  steam- 
How  doM  the  light  compare  xrith  sanllght  ?  What  is  Its  effcet  on  photographic  pa* 
per  ?  What  effect  would  probably  b(*  produced  by  an  armature  of  32  iuchet  ?  Is  there 
•aoy  Umit  to  this  multiplication  of  power  ?    What  practical  appUcatton  has  been  i 
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en^e,  midway  between  wastes  on  the  one  hand  and  rigid 
economy  on  the  other,  is  about  11^  lbs.  per  hoar,  worth  about 
one  half-penny.  To  this  expense  must  be  added  that  of  the 
carbon  rods  for  the  lamp,  about  ten  inches  per  hour,  worth  per- 
haps an  English  penny,  then  mterest  on  the  cost  of  the  machine, 
expense  of  maintenance  and  repairs,  which  will  bring  up  the 
totEd  expense  per  hour,  of  this  enormous  quantity  of  Light, 
not  le«s  than  4,000  wax  candles,  to  six-pence  or  eight-pence. 
The  British  Commissioners  of  Northern  Lightrhouses  have 
ordered  one  of  Wilde's  machines,  at  a  coet  of  £500. 

469.*  Improvamiita  on  Wilde's  HaebiiM.  Various  im- 
provements have  been  made  upon  Wilde's  machine,  founded 
upon  the  fact  that  an  electric  spark  can  be  obtained  from  the 
coils  of  an  electro  magnet,  which  has  been  powerfully  excited, 
for  some  time,  (in  one  case  more  than  25  seconds,)  after  the 
exciting  battery  current,  or  magneto-electric  current,  has  been 
discontinued.  An  electro-magoet  possesses  the  power  of  in- 
ducing a  charge  of  electricity  in  its  coils,  and  retaining  it,  in  a 
manner  analogous  to  thnt  in  which  it  is  retained,  in  insulated 
sub-marine  cables,  §416,  and  in  the  Leyden  jar,  but  arising 
from  a  different  cause,  and  it  is  this  induced  charge  of  elec- 
tricity, which  produces  the  spark  observed  at  the  point  of  dis- 
junction of  the  insulated  wires  of  an  electro-magnet,  a  consider- 
able time  after  all  connection  with  the  original  exciting  bat- 
tery current,  lias  been  cut  off.  The  induction  of  this  electric 
charge  is  due  to  the  retention  of  a  considerable  degree  of  mag- 
netic power  by  the  iron  core  of  the  electro-magnet,  and  to  the 
comparatively  slow  manner  in  which  large  ma<ses  of  iron 
lose  their  magnetism  and  return  to  their  nomud  condition 
after  having  been  very  highly  excited.  It  is  this  important 
retentive  power  of  the  iron  core  of  the  electro-magnet  e  m, 
which  in  the  case  of  Wilde's  machine.  Fig.  250,  keeps  up  a 
steady  flow  of  induced  electricity  in  the  coils  of  its  armature  8  A, 
notwithstanding  the  intermittent  character  of  the  electric  cur- 
rent generated  in  the  revolving  coils  of  the  armature  of  tlie 
permanent  magnets  M  m,  for,  as  is  well  known,  no  current  what- 
ever proceeds  from  the  armature  of  the  magneto  electric  ma- 
chine, in  certain  positions  during  its  revolution.  Consequently 
the  electro  magnet  e  m,  in  Wildo*s  machine,  retaining  its  mag- 
netic power,  having  been  once  excited,  for  some  time  after  the 
current  which  actuated  it  has  been  stopped,  is  capable  of 
exciting  a  current  in  its  revolving  armature  8  A,  without  any 
further  connection  with  the  armature  of  the  magnets  m  u. 
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470.'*  Simneni^  mad  WlwatitMieVi  WirMnoii  On  fids  pm» 
ciple  a  modiftcation  in  Wilde's  machine  was  made  soon  af^er  its 
invention  by  Siemens'  in  Germany,  and  by  Wbeatstone  inde- 
pendently in  England.  In  Siemens'  machine  the  steel  magnets 
M  M,  Jftg.  2o0,  are  replaced  by  an  electro  magnet,  which  is  ex- 
cited by  a  galvanic  battery,  the  armature  caused  to  rotate,  and 
then  the  battery  removed :  or,  instead  of  employing  a  battery  the 
soft  iron  of  the  electro-magnet  is  slightly  magnetized  by  touching 
it  for  a  few  minutes  with  a  permanent  magnet.  The  residual 
magnetism,  left  in  the  soil  iron  of  the  electro  magnet,  after  being 
under  the  influence  of  the  battery«  or  touched  by  the  permanent 
magnet,  is  abundantly  sufficient  to  induce  a  current  of  electricity, 
in  the  coils  of  its  rapidly  revolving  armature,  which  is  then  car- 
ried to  the  electro-magnet  E  m  and  used  to  actuate  it 

In  Wheat-tone's  apparatus,  the  conducting  wires  from  the 
extremities  of  the  coils  of  the  armature  of  the  electro  magnet 
E  M,  divide  into  two  branches,  one  branch  leading  to  the  insu- 
lated wire  which  is  wound  around  a  small  primary  actuating 
electro  magnet  substituted  for  the  permanent  magnets  M  M, 
Fig,  250,  and  the  other  branch  leading  to  the  carbon  points 
of  the  electric  lamp.  In  this  manner  a  portion  of  the  electric 
current  induced  in  the  principal  electro-magnet  e   m  is  di- 

*  verted  to  the  primary  electro-magnet  thereby  greatly  increas- 
ing its  nmgnetic  power,  and  proportionately  augmenting  the 
electric  current  which  it  induces  in  its  coils  and  transmits 
to  the -principal  electro-magnet,  while  the  remaining  portion  is 
-jirawn  off  and  used  in  the  ordinary  manner  for  the  production 

.  .bf  light,  effecting  decomposition,  and  the  like.  The  residual 
-  magnetism  of  the  primary  electro-magnet,  after  being  connected 
with  the  battery,  or  touched  by  the  permanent  magnet,  is  the 
original  cause  of  the  electric  current,  but  this  magnetism  is  imme- 
diately increased,  the  instant  the  armatures  begin  to  revolve,  by 
the  flow  of  a  portion  of  the  induced  current,  from  the  coils  of  the 
armature  of  the  secondary  electro-magnet  E  m,  through  the  insu- 
lated wires  with  which  the  primary  electro-magnet  is  wound ; 
this  in  turn  augments  every  instant  the  force  of  the  secondary 
current,  which  at  once  reacts  again  upon  the  primary  current, 
and  so  the  induction  of  electricity  goes  on  with  continually 
augmenting  intensity,  limited  only  by  the  speed  of  the  arma- 
tures, the  strength  of  the  apparatus,  and  the  extreme  heat 
which  is  generated.  The  heat  produced  is  one  of  the  greatest 
obstacles  to  the  success  of  these  machines,  and  is  due  not  sim- 
ply to  the  heating  effect  of  powerful  curreuts  of  electricity,  ba| 
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also  to  the  conversion  of  a  portion  of  the  motion  of  the  arma- 
tures into  heat,  according  to  the  mechanical  theory  of  heat, 
for  the  electro -magnets  exert  a  retarding  effect  upon  the  revolu- 
tions of  the  armatures,  the  more  their  power  is  augmented  the 
greater  this  retardation,  the  greater  the  resistance,  the  greater 
Uie  heat,  and  the  larger  the  amount  of  mechanical  power  nec- 
essary to  overcome  it.  This  is  the  reason  that  the  more 
powerful  the  electric  currents  induced,  the  greater  the  power 
which  is  required  to  produce  the  revolution  of  the  armatures. 
471.*  Xiadd's  IiB;provenient  upon  Wilde's  Macblne.  Mr. 
Ladd,  a  philosophical  instrument  maker  of  London,  at  the  sug- 
gestion of  one  of  his  workmen,  by  the  name  of  Tislev,  has 
greatly  increased  these  effects,  by  discarding  altogether  the 
permanent  magnets  m  m  of  Wilde's  machine,  Fig.  250,  and  also 
the  primary  electro-magnet  actuated  by  the  battery,  of  Wheat- 
stone's  improvement,  and  by  making  use  of  the  residual  magnetism 
of  the  principal  electro-magnet  B  m,  as  explained  in  the  last 
Fig.  251. ♦ 

r 
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article,  to  start  the  electric  current  in  the  coils  of  its  revolving 
armature.  Instead  of  one  curved  electro  magnet,  two  straigiit 
electro-magnets  are  placed  in  a  horizontal  po-^ition  and  parallel 
to  each  other,  with  poles  reversed  and  havhig  one  revolving 
armature  between  each  set  of  poles.  The  electric  current  pro* 
duced  by  the  coils  of  one  armature  is  used  to  increase  the  power 
of  the  electro-magnets,  while  that  from  the  coils  of  the  other  is 
carried  to  the  carbon  points  of  the  electric  lamp  and  is  used  for 
the  production  of  lighu  The  apparatus  is  represented  in  Fig, 
251*.  B  b'  are  the  two  electro-magnets  corresponding  with  s  m 
in  Fig.  250,  and  placed  horizontally.  The  coils  are  connected 
on  the  right  so  as  to  form  but  one  circuit.  Two  armatures  are 
provided,  m  and  m',  one  at  each  end  of  the  electro  magnets  b  b'. 
The  wires  p  and  n,  from  one  armature  are  carried,  as  shown  in  the 
figure,  directly  to  the  electro-magnets  and  are  used  to  increase 
their  force.  The  wires  p'and  n'  from  the  other  armature  lead  to 
the  carbon  points  of  the  electric  light,  i,  as  in  Fig.  251,  or  maj 
be  used  for  producing  any  of  the  other  effects  of  the  current, 
such  as  the  decomposition  of  water,  and  the  like.  It  is  inter- 
esting to  observe  the  continuance  of  the  effects,  for  some  time 
after  the  cessation  of  the  revolutions,  as  is  shown  by  the  rise  of 
bubbles  of  gas  from  the  platinum  poles  of  the  decomposing  cell 
in  the  case  of  the  decomposition  of  water,  Fig.  1 62.  In  order 
to  carry  off  the  great  heat  which  is  produced,  when  the  revolu- 
tions are  exceedingly  rapid,  the  armatures  are  punctured  and 
a  stream  of  water  is  made  to  circulate  through  them ;  by  this 
arrangement  they  are  kept  nearly  perfectly  cool. 

472.*  Ziadd't  Second  Improvement.  A  subsequent  un- 
provement  has  recently  been  mtroduced  in  <he  arrangement 
of  the  armatures.  Instead  of  being  placed,  as  before,  at  the  oppo- 
site extremities  of  two  electro-magnets,  as  in  Fig.  251,  they  are 
brought  together  end  to  end,  and  fastened  very  strongly,  so 
as  to  constitute  but  one  shafl,  revolving  in  one  cylindrical 
aperture,  mounted  between  the  poles  of  one  curved  electax)- 
magnet,  like  e  m  Fig.  25(»,  and  driven  by  one  band.  The  coils 
wound  upon  one  armature  of  the  shaft  are  used  to  actuate  the 
electro-magnet,  and  increase  its  power ;  the  coils  of  the  other 
armature  are  used  to  produce  the  electric  light,  or  for  any 
other  external  work.  The  coils  upon  the  two  armatures  are  not 
placed  upon  a  hne  with  each  other,  but  at  right  angles,  so  that 
one  is  exerting  its  utmost  power,  at  the  moment  when  the  other 
is  at  its  dead  point ;  or  they  may  be  adjusted  at  any  other  angle 
which  experience  proves  to  be  productive  of  the  most  powerful 
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effects.  By  this  arrangement  the  construction  of  the  appara- 
tus is  greatly  simplified.  The  miichine  is  represented  in  Fig. 
2b2*.    It  will  be  observed  that  the  permanent  magnets  M  m  have 

Fig.  252* 


LadtVs  Second  Improvement. 

been  aiscarded  and  that  there  is  no  primary  electro-magnet  ac- 
tuated by  a  battery,  but  simply  the  principal  electro-magnet  k  m 
of  Wilde's  macMne,  and  on  tlie  top  of  it,  a  shaft  arranged  with  a 
crank  and  wheels  for  the  purpose  of  imparting  motion  to  the 
revolving  Siemens'  armature  placed  below.  This  armature  is 
provided  with  two  entirely  distinct  sets  of  coils  insulated  from 
each  other.  The  terminal  wires  of  one  set,  p  and  n,  are  car- 
ried to  the  electro-magnet,  and  their  current  is  used  to  exalt  its 
power.  The  terminal  wires  of  the  other  set,  p^  and  w',  corres- 
pond with  the  terminal  wires  of  Wilde's  machine.  Fig.  25",  and 
their  current  is  used  to  produce  the  electric  light,  or  for  any 
other  external  work.  These  two  sets  of  coils  operate  entirely 
mdependent  of  each  other.  The  instant  the  armature  is  made 
to  revolve  by  turning  the  crank  of  the  machine,  a  f  eble  cur- 
rent of  electricity  is  generated  in  the  coils  by  the  slight  amount 
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of  mapietism  retained  by  the  electro-magnet  since  its  previous 
excitation.  If  it  should  have  entii-ely  lo-it  its  magnetism  this 
may  be  restored  for  the  occasion  by  applying  a  powerful  per- 
manent steel  magnet  to  the  poles  of  the  electro-magnet,  or  by 
touching  the^e  poles  for  a  moment  by  a  movable  electro-mag- 
net actuated  for  the  time  by  a  small  battery.  To  this  induced 
magnetism  the  current  from  that  set  of  coils  which  is  directly 
connected  with  the  electro-magnet  of  the  machine  immediately 
adds  Its  magnetic  power  and  at  the  next  revolution  of  the  arma- 
ture the  current  of  electricity  in  both  coils  is  greatly  iucrea^ed : 
this  in  turn  adds  to  the  magnetic  force  of  the  electro-magnet, 
which  at  once  reacts  again  upon  the  coils,  and  so  the  process 
goes  on  as  the  rapidity  of  revolution  increases.  There  is  no 
limit  to  the  power  of  the  machine  but  the  rapidity  with  which 
the  armature  is  made  to  rotate,  and  this  is  entirely  dependent 
upon  the  a»nouut  of  mechanical  force  derived  from  the  steam- 
engine.  The  great  improvement  in  this  machine  is  the  intro- 
duction of  the  second  coil  upon  the  Siemens'  ai  mature,  which, 
although  it  gives  off  currents  induced  by  tKe  electro-magnet, 
does  not  at  all  detract  from  the  intensity  of  the  original  coil ; 
and  when  the  former  is  attached  to  a  Duboscq*s  lamp,  it  is  found 
to  give  a  light  equal  to  40  elements  of  Grove  and  Bunsen,  • 
from  the  expenditure  of  an  amount  of  steam  engine  f.rce  equiva- 
lent to  one  horse-power.  One  of  these  machines  at  the  Paris 
Exhibition  of  1867,  24  inches  in  length,  12  in  width,  and  7 
inches  high,  kept  50  inches  of  platinum  wire  1-1 0th  of  an  inch 
in  diameter,  incandescent,  and  when  a  small  voltameter  was 
placed  in  the  circuit  of  the  double  armatare,  gave  off  about  16 
cubic  inches  of  gas  per  minute,  and  in  connection  with  an  electric 
lamp,  emitted  a  light  equal  to  that  of  about  thirty-five  Grove's 
elements,  the  driving  force  being  less  than  one  horse-power. 

These  electro-magnetic  machines  are  all  extremely  interest- 
ing as  illustrations  of  the  theory  of  the  Convertibility  of  Forces. 

473.  Points  of  difibrence  between  the  electricity  of  the 
Slectrical  BEachino  and  that  of  the  Oalvanic  Battery.  We 
have  already  noticed,  §351,  some  of  the  points  of  difference 
between  the  electricity  of  the  machine  and  that  of  the  battery, 
viz :  that  the  electricity  of  the  machine  possesses  great  inten- 
sity, but  limited  quantity  ;  that  of  the  battery,  feeble  intensity, 
but  large  quantity,  that  its  influence  upon  electrometers  and 
electroscopes,  is  extremely  slight,  that  a  Ley  den  jar  can  only  be 
charged  with  difficulty,  that  when  the  polar  wires  are  brought 

470.*  Detciite  Siemeiu^  and  WhMtBtoao'M  BMchinw .-471.*-472.*  LmU's  n^^^Wf^ 
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near  ^ch  o:her  only  a  feeble  spark  will  pass,  and  on  establish- 
ing a  communication  between  them  by  means  of  the  hand<,  pre- 
viously moistened,  a  shock  is  felt,  but  only  for  a  moment :  we 
have  also  seen,  §415,  that  its  velocity  is  very  much  less,  prob- 
ably not  exceeding  18,000  miles  per  second,  while  the  velocity 
of  statical  electricity  is  288,000  miles  per  second.  On  tho 
other  hand,  galvanic  electricity  is  developed  in  much  larger 
quantity  than  statical,  and  in  a  steadily  flowing  current ;  it  pos- 
sesses also  much  greater  heating,  chemical  and  magnetic  power, 
and  exerts  a  peculiar  effect  upon  the  nervous  system  of  animals. 
Notwithstanding  these  points  of  difference,  it  was  believed  fiom 
the  earliest  period  in  the  history  of  galvanism,  that  it  could  bo 
identified  with  statical  electricity,  and  many  attempts  were  made 
to  establish  the  most  conclusive  test  of  identity,  viz :  the  projec- 
tion of  the  electric  spark  between  the  poles  before  actual  cm- 
tact,  corresponding  with  the  escape  of  vivid  sparks  fix)m  the 
h  ghly  excited  prime  conductor  of  an  electrical  machine.  The 
electricity  which  is  excited  by  rubbing  a  glass  tube  with  a  silk 
handkerchief,  will  pass  without  difficulty  across  half  an  inch 
of  space,  and  give  a  bright  and  noisy  spark,  Tyhile  the  electri- 
cal current  of  a  battery  of  several  hundred  pairs,  will  hardly 
force  a  passage  through  a  stratum  of  air  too  thin  to  be  appre- 
ciated, or  pix)duce  a  spark  bright  enough  to  be  perceptible. 
Sir  H.  Davy  asserted  that  2,000  pairs  of  Wollaston  plates,  the 
most  perfect  form  of  the  battery  in  his  day,  gave  a  spark  l-20th 
to  l-40th  of  an  inch  in  air,  and  ^  an  inch  in  vacuo.  Mr.  Chil- 
dren stated  that  1,250  pairs  gave  sparks  through  l-50th  of  an 
inch.  Daniell  asserted  that  he  had  often  sten  sparks  playing 
between  the  cells  of  his  battery  when  they  were  approximated 
too  much.  Faraday  stated  that  a  spark  would  pass  before  contact 
even  with  a  single  pair.  On  the  the  other  hand,  many  experi- 
menters were  inclined  to  deny  the  passage  of  any  electrical  spark 
at  all  before  contact,  even  with  the  nioU  powerful  batteries. 
Jacoby  found  that  the  current  from  12  pairs  of  plates  in 
the  most  active  operation,  would  not  pass  through  l-20,000th 
of  an  inch.  Gassiot  asserted  that  a  battery  of  loO  pairs  would 
not  project  a  Fpark  through  l-5,000th  of  an  inch  before  contact, 
though  it  would  give  a  minute  but  not  brilliant  spark  on  sepa- 
rating the  poles,  if  tipped  with  charcoal :  also,  that  a  wafer  bat- 
tery of  1,024  pairs,  would  not  project  a  spark  through  l-o,000ih 

What  b  th«  Inflnence  of  icalTanlc  electricitv  upon  electrometera  and  the  T/eyden  jar? 
What  ifl  the  power  of  giring  shockn  an«? uparka ?  What  te  Its  velocity?  How  wawthe 
identity  of  the  two  attempted  to  be  proved?  Give  the  stateoienta  of  Davy,  Children, 
I>aiiie)l,  Farmday,  Jaooby  and  Gaasiot,  in  regard  to  the  prqjectiou  of  sparlcs  by  the  battery. 
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of  an  inch,  although  a  Leyden  battery  could  be  charged  by  it, 
8o  as  to  project  a  s,>ark  through  6-5 ,000th <<  of  an  inch.  Walker 
proved  that  a  constant  battery  of  99  cells  would  not  project  tJic 
spark  through  the  thinnest  measurable  stratum  of  air.  But  it 
was  finally  determined  by  Crosse,  in  1840,  that  a  water-batterj 
of  1,201)  pairs,  would  give  a  constant  small  Ftream  of  spark^s 
between  the  polar  wires  1-lOOth  of  an  inch  apart,  before  contact  ; 
aad  Gassiot,  suspecting  that  his  previous  battery  series  had  not 
been  sufRcently  extended  or  insulated,  constructed  a  water- 
battery  of  3,000  pairs,  and  obtained  sparks  freely  fix»m  its  pole*. 
By  these  experiments  it  came  to.be  definitely  settled  that  tlie 
galvanic  battery  would  'project  a  spark  like  a  common  olectrir^l 
machine,  and  an  actual  identity  was  establL-hed  between  gal- 
vanic and  statical  electricity. 

47  ft.  Points  of  resemblance  between  the  Blectricity  of 
the  Electrical  machine  and  the  secondary  currents  of  Elertri- 
city  induced  by  the  primary  current  of  the  Battery  and  by 
Magnets.  On  the  other  hand,  the  secondary  current  of  ele  •* 
tricity  induced  by  the  primary  current  of  the  battery,  on  mak- 
ing and  breaking  connection,  not  being  derived  from  tlie  bat- 
tery or  from  the  primary  current,  but  being  simply  the  natural 
eh'ctricity  of  the  secondary  wire,  disturbed  and  brought  into 
jictivity  by  inductive  inflience,  might  be  expected  to  exliihit  a 
very  close  resemblance  to  that  of  the  electrical  machine,  which 
is  also  not'.iing  but  the  natural  electricity  of  the  glass  plate  of 
the  machine  thrown  i;ito  a  state  of  disturbance  by  means  of 
frictio'i.  Thus,  by  the  magneto-electric  machine,  the  gold 
^leives  of  the  electroscope  may  be  made  to  diverge  directly 
without  the  aid  of  a  condenser,  and  a  Leyden  jar  may  be 
cimrged  at  every  touch,  provided  one  terminal  wire  of  the  coll 
is  in  connection  with  the  outer  coating  of  the  jar,  and  the  other 
carried  to  the  knob  by  an  insulated  handle,  the  knob  being 
connected  with  the  inner  coating  by  a  wire  instead  of  a  chain  : 
tiie  sparks  which  are  emitted  are  of  the  most  vivid  character, 
of  great  power,  and  violence,  and  often  times  extend  through  a 
space  of  several  inches,  surpassing  all  electrical  machines  except 
those  of  the  largest  size :  the  shocks  are  al  o  extremely  violent, 
and  frequently  dangerous,  and  the  noise  almost  detifening. 

475.  The  quantity  of  Electricity  produced  by  the  Battery 
immense,  and  its  ma^rnetic  effect  far  superior  to  that  of  the 
Machine.     Notwithstanding  the  extremely  feeble  intensity  of 

Give  the  experiment  of  Crosm,  and  the  necond  exp«1m«nt  of  Owsioe.  WhiU  is  fN« 
prewnt  opinion  in  retard  to  their  identitv  ? — 474.  State  the  point*  of  re«ewihlwnce  ^^ 
tween  tlie  electricity  of  the  machiue  and  that  of  Che  aecoodary  current  induced  by  the 
primary  current  and  b>  roiignettf. 
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the  electricity  of  the  battery,  its  quantity  is  enormous.  Mr. 
Faraday  estimated  the  quantity  of  electricity  furnished  by  the 
decompositon  of  a  single  grain  of  water,  as  equal  io  eight  hun- 
dred thousand  discharges  of  a  battery  of  Lcyden  jars  exposing 
thirty-five  hundred  square  inches  of  surface,  and  charged  by 
thirty  turns  of  a  powerful  electrical  machine.  The  experiment 
was  performed  in  the  following  manner. — Two  wii^es,  one  of 
zinc  and  one  of  platinum,  each  1-1 8th  of  an  inch  in  diameter, 
were  immersed  during  4-30ths  of  a  second,  to  the  depth  of 
5-8ths  of  an  inch,  and  5-lGths  of  an  inch  apart,  in  acidulated 
wa^er  prepared  by  adding  a  single  drop  of  sulphuric  acid  to 
four  ounces  of  water.  The  current  produced  by  this  exceed- 
ingly small  battery,  effected  as  great  a  deviation  of  the  galvan- 
om.'ter  needle,  and  decomposed  the  same  amount  of  iodide  of 
polassium,  as  thirty  turns  of  a  powerful  plate  electrical-machine: 
twenty-eight  turns  of  the  machine  produced  an  effect  percepti- 
bly le^s  than  that  produced  by  the  two  wires.  The  quantity 
of  acidulated  water  der^omposed  within  the  battery  iji  order  to 
furnish  this  vast  amount  of  electricity,  was  so  small  as  to  be 
incapable  of  measurement,  and  entirely  inappreciable ;  but  the 
electricity  produced  by  it,  if  concentn»ted  so  as  to  be  discharged 
in  a  single  flash  during  a  minute  fraction  of  a  second,  from  a 
Leyden  battery  having  3,500  square  inches  of  surface,  would 
kill  a  cat  or  a  rat,  and  be  intolerable  to  a  man.  From  this  ex- 
periment Mr.  Faradfiy  made  the  calculation  that  the  electricity 
produced  by  the  decompo-iiion  of  a  single  grain  of  water  in  the 
battery  by  the  action  of  the  zinc  plate,  is  equal  to  that  fur- 
nished by  eight  hundred  thousand  di.*cliarges  of  an  electrical 
machine,  each  equal  to  the  one  just  decribed :  or  that  the  de- 
composition of  one  grain  of  water  evolves  a  quantity  of  elec- 
tricity suffic'ent  to  charge  a  sui-face  of  400  acres,  an  amount 
hardly  exceeded  in  the  most  violent  storms.  It  has  been 
calculated,  that  if  this  amount  of  electricity,  furnished  by  one 
grain  of  water,  were  spread  upon  a  cluud  two-thirds  of  a 
mile  distant  from  the  earth,  it  would  exert  an  attractive  force 
upon  the  earth  beneath  it,  of  1,664  tons !  and  that  if  the  atoms 
of  oxygen  in  this  grain  of  water  were  attached  to  one  thread 
l-25th  of  an  inch  long,  and  those  of  hyd'ogen  to  another,  th< 
force  required  to  separate  the  threads  in  one  second,  wouli 
be  7,2**0  tons !  yet  this  amount  of  electricity  is  evolved,  w*.thou'= 

475.  Deiwribe  Mr.  Faradaj^s  experiments  npon  the  quantity  of  electricity  prodncr 
by  the  b.ittery.    Give  bU  conclusion  in  rag  ml  to  the  amount  set  free  in  the  decompoi^ 
Uon  of  i  sit.gle  grain  of  water.    "Describe  the  di.Terence  botweea  the  electricity  of  l',,> 
muchine  and  that  of  the  battery  iu  rejsanl  to  magnetic  effect. 
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noise,  shock,  or  visible  appearance  of  flame,  in  everj  case 
when  rather  less  than  six  cubic  inches  of  hydrogen  and  three 
cubic  inches  of  oxygen,  are  set  free  by  the  action  of  four 
grains  of  zinc  upon  one  grain  of  water.     This,  if  concentrated 
into    a  single  discharge,  would  be  equal  to  a  very  vivid  flash 
of  lightning,  whence  it  follows  that  the  electricity  set  free  in 
the  decomposition  of  on^  grain  of  water  by  the  four  grains 
of  zinc  which  are  required,   yields  an  amount  of  electricity 
equal  to  that  of  a  powerful  thunder-storm.     Such  is  the  differ- 
ence between  the  electricity  of  the  battery  and  the  electricity 
of  the  machine,   in  regard  to  quantity.     Their  diflerence   in 
regard  to  magnetic  effect  is  equally  remarkable.    A  piece  of 
copper  and  a  piece  of  zinc,  the  size  of  a  cent,  will  pitxluce  a 
magnetic -effect  far  superior  to  that  exerted  by  the  most  pow- 
erful discharge  of  the  electricity  of  the  machine  ever  obtained. 
In  experiments  made  upon  the  Atlantic  cab!e,  an  electric  cur- 
rent was  seut  through  one  thousand  miles  of  it  submerged  in 
the  water  and  a  sdfflcient  •  magnetic  effect  exerted  upon  the 
reflecting  galvanometer,  §418,  to  communicate  a  message,  by  a 
battery  consisting  of  a  silver  wire  and  a  zinc  wire  of  the  size  of 
a  pin,  excited  by  a  drop  of  acid  supported  between  them  by 
capillary  action. 

475.  The  aetioB  of  Bl«etricltj  and  ntagnetiam  on  Li^t. 
Electricity,  whether  produced  by  the  machine,  by  the  battery, 
or  by  magnetism,  has  not  only  the  power  of  produc'ng  light, 
but  also  a  very  singular  effect  on  light  after  it  is  produced.  Sir 
H.  Davy  ascertained,  §359,  that  the  light  produced  by  the 
approach  of  two  poles  of  a  powerful  battery,  is  influenced  by  the 
magnet,  and  is  acted  upon  in  the  same  way  as  any  moveable 
m  3taliic  conductor  traversed  by  the  galvanic  current :  it  is  at- 
tracted and  repelled  by  the  m^g- 
Fig.  268.  Fig.  2^»4.  net,  and  a  rotary  motion  imparted 

manifesting  itself  by  a  change  in 
the  form  of  the  arc.  By  holding 
the  magnet  in  a  certain  position, 
the  flame  may  be  made  to  re- 
volve, accompanied  by  a  Ion  J 
Found ;  and  the  form  of  the  arc 
may  even  become  broken  by  too 
great  an  attraction  or  repul  ion. 
Th€  nrt  of  Vouair  Light.  Fig.  253  reprc-euts  the  ordinary 


47(5 
that  light 


State  the  efloct  of  the  magnet  on  the  electric  light.    How  haa  It  been  ahovn 
lit  is  strongly  diamognetic  ? 

Digitized  by  VjOOQ IC 


THE   EFFECT   OF   MAGNETISM 


5C5 


form  of  the  voltaic  arc  between  two  cylinders  of  plumbago," 
and  Fig,  254  the  curved  form  which  it  exhibits  under  the  in- 
fluence of  a  map;netic  pole.  It  has  also  been  ascertained  that 
light  is  strongly  dia-magnctic,  and  assumes  an  equatorial  position 
in  the  magnetic  field.  Bancalari  observed  that  the  flame  of  a 
candle  placed  between  the  poles  of  an  e!ectro-maguet,  was  re- 
pelled into  a  position  at  right  angles  to  a  line  joining  the  poles. 
Fig,  255,  as  if  blown  by  a  current  of  air.     M.  Quet  obtained  a 

similar  result  by  submitting 
the  voltaic  arc  to  the  influence 
of  powerful  electro-magnetic 
poles,  i^i^.  256.  It  has  been 
shown  that  the  auroral  light 
produced  by  Ruhmkorff^'s  coil 
in  the  electric  e^^.  Fig.  234,  is 
made  to  revolve  around  an 
electro-magnet  as  roon  as  the 
connection  is  formed  with  the 
battery,  tfiat  the  stratified 
bands  and  luminous  discharges 
of  Gebsler's  tubes,  §461,  are 
powerfully  affected  by  the 
magnet  and  that  the  light 
from  the  negative  pole  is  specially  aflected  by  the  magnetic 
force.  Finally  Mr.  Faraday  has  as*  ertained  that  a  ray  of  light 
may  be  electrifled  and  the  electric  forces 
illuminated.  He  observed  that  if  a  ray  of 
polarized  light  were  transmitted  through  a 
piece  of  glass  placed  between  the  poles  of  a 
powerful  electro-magnet,  on  the  line  joining 
the  two  poles,  on  actuating  the  electro-magnet 
by  connection  with  the  battery,  the  ray  of 
polarized  light  experienced  a  rotation,  to  the 
right  or  the  left,  according  to  the  direction 
of  the  current.  A  polarized  ray  of  light 
is  one  which  by  reflection,  or  by  refraction 
through  certain  substances,  has  acquired  cer- 
tain peculiar  properlies  diflerent  from  those 
of  ordinary  light,  which  are  summed  up  in 
the  tenn  polarization.  Thus,  when  a  ray  of 
tsm  ^u^vImoUU^.     light  falU  upon  a  glass  mirror  at  an  angle 

WhAt  f«  the  effrct  of  the  niAfcnet  on  the  roltiUe  Arc?  on  the  iraronl  light  ofRuhm* 
knrff  *•  coll  and  OeUwIer'c  lubes  ?  What  is  the  effect  of  Magiietlsm  on  poiuized  Light? 
What  iepoUtiKd  Light? 


Jl*  fffeet  of  a  potcer/id  ^e'ro-Magnet 
OA  the  Jiame  of  a  Candle. 


Fig.  266. 
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of  35®  25',  it  acquires  the  singular  property  of  incapability 
of  reflection  from  a  second  mirror  of  glass  at  the  same  an^le, 
if  the  plane  of  incidence  of  the  second  mirror  be  perpendic- 
ular to  the  plane  of  incidence  of  the  first:    in  other  words, 
the  ray  becomes  extinguished;    it  is   partially  reflected  and 
re-appears,  for  every  other  inclination  of  the  two  planes,  and 
the  intensity  of  the  ray  reflected  from  the  second  mirror  in- 
creases as  the  angle  of  the  two  planes  of  reflection  diminishes. 
If,  at  the  moment  of  extinction,  a  thin  plate  of  quartz  crystal, 
whose  faces  are  perpendicular  to  its  axis,  be  interposed  be- 
tween the  two  mirrors,  the  extinguished  ray  re-appears  upon 
the  second  mirror,  and  in  order  to  re -extinguish  it  the  quartz 
must  be  turned  by  a  certain  angle  to  the  right  or  the  lefl.     The 
quartz  is  said  to  exorcise  thus  a  rotary  power,  and  to  deviate 
the  plane  of  polarization  to  the  right  or  to  the  lef^,  according 
to  the  direction  in  which  it  must  be  turned  in  order  to  re-ex- 
tinguish the  reflected  ray.     Several  other  substances  besides 
quartz,  such  as  oil  of  turpentine,  solution  of  sugar,  i&c,  possess 
the  power  of  rotating  the  plane  of  polarization.     The  apparatus 
for  showing  that  a  similar  rotating  power  is  possessed  by  mag- 
netism,  is  represented  in  Fig,  257,     It  consists  of  two  vei-y 

Fig.  267. 


The  fjfer.t  of  Magnetism  an  Polarized  Light. 


What  \9  the  effect  of  quartz  nnd  wine  oth«»r  sabnUnces  upon  the  extlnzuinhed  ray? 
I>e<icribe  the  apparatuR.  Fig.  257.  by  which  it  U  Bhowo  th»t  maguecUm  poowflMS  a  sUni- 
lar  power  of  UumtiDg  a  poUiriied  ny  of  light. 
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powerful  electro-magnets,  m  and  n,  mounted  horizontally  on 
two  iron  suppoits,  o,  o',  which  can  be  moved  on  a  support  k. 
The  current  from  10  or  11  Buusen's  cells,  is  transmitted  by  the 
wire  A,  to  the  commutator  ii,  by  which  it  may  be  sent  in  eiiher 
direction  through  the  coil  m,  thence  by  the  wire  g  to  the  coil  n, 
and  then  back  again  by  the  wire  i,  to  the  commutator  h,  fiiniMy 
emerging  at  B.  The  two  cylinders  of  soft  iron  on  which  the  coiis 
M  andN  are  wound,  are  perforated  through  their  entire  h*n<rth 
by  a  cylindrical  hole  so  as  to  allow  a  ray  of  light  to  pass  com- 
pletely through  them  both.  At  b  and  a,  there  are  two  of  NicoF-* 
prisms,  each  consisting  of  sections  of  rhombohedral  cr}'stals  g{' 
Iceland  spar,  which  have  been  cut  diagonally,  and  then  re-united 
by  Cantida  balsam.  These  prisms  serve  instead  of  the  two  mir- 
rors spoken  of  a'  ove,  and  exert  a  similar  polarizing  effect  upon 
a  ray  of  lighL  When  the  lamp  is  placed  opposite  b,  and  the  eye 
at  a,  the  ray  of  light  is  completely  extingui>hed.  If  at  this 
moment  there  be  phiced  at  c,  a  plate  of  ordinary  or  flint  gla^s 
with  parallel  faces,  the  ray  of  light  is  still  extinguished  to  the  eye 
at  a,  so  ?ongas  the  el.ctro-magnets  remain  unexcited,  but  the  in- 
stant the  current  begins  to  flow  and  the  electro-magnet^  become 
excited,  the  ray  of  light  will  reappear  and  cease  to  be  extin- 
guished by  the  pnsm  a,  and  to  extinguish  it  again  it  will  be 
necessary  to  turn  the  index  attached  to  a,  to  the  right  or  le  t 
through  a  certain  angle.  If  the  current  be  broken  the  light  re- 
appeai-s ;  if  the  current  be  reversed,  and  the  poles  of  the  electix)- 
magnets  changed,  the  direction  in  which  the  index  must  he 
turned  in  oi-der  to  extinguish  the  ray,  must  also  be  reversed. 
Hence  it  appears  that  the  electric  current,  or  the  magnetic  power 
which  it  generates,  possesses  the  power  of  rotating  the  ray  of 
))olarized  light  which  pas  es  through  the  core  of  the  mngncta, 
or  else  imparts  this  power  to  the  piece  of  glass  placed  at  o,  nncl 
that  this  rotating  power  is  to  the  right  or  to  the  left,  according 
to  the  direction  of  the  electric  current,  and  is  acquired  and  lo  t 
instantaneously,  following  the  connection  with  the  battery.  "  In 
this  experiment,"  says  Sir.  Faraday,  "  we  may  justly  say,  that 
a  ray  of  light  is  electrified  and  the  electric  forces  illuminated," 
The  general  conclusion  is,  that  the  connection  between  P^lec- 
tricity,  Magnetism,  and  Light,  whether  the  light  emanates  from 
an  electrical  source,  or  from  onlinary  sources,  is  extremely 
intimate,  and  closely  connected  with  the  doctruie  of  the  con- 
vertibility of  Forces, 

What  in  the  general  conclusion  in  regard  to  \he  ooonecUon  between  £Iectricity,  Mag* 
netiauand  Utfht? 
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477.    Prograsi  of  diseovary  in  the  induction  of  Blectridty 
by  the  Galvanic  current,  and  the  construction  of  Indnctioa 
Coils  and  Magrneto-Electric  Machines.     The  successive  dis- 
coveries which  led  to  the  construction  of  the  powerful  Induc- 
tion Coils  and  Magneto-Electric  machines  now  in  use,  are  as 
follows. — ^The  primarj  fact  of  induction,  viz :  the  induction  of 
a  secondary  current  in  the  primary  wire  connecting  the  poles 
of  a  battery,  and  the  increased  effect  obtained  by  using  a  long 
wire,  and  especially  one  coiled  into  a  helix,  was  discovere^l 
by  Prof.  Henry  in  1831.     In  the  same  year  Mr.  Faraday  made 
the  discovery  of  the  induction  of  electricity  by  the  battery  cur- 
rent in  a  neighboring  wire,  distinct  from  it,  and  forming  a 
closed    circuit,  whenever  the  battery  circuit  is  complet^sd  or 
broken;   also,  whenever  the  battery  circuit  is  brought  near 
or  removed  from  the  closed  secondary  current.     He  also  di:- 
covered  at  the  same  time,  the  induction  of  electricity  by  a  mag- 
net, whenever  brought  near  or  removed  fi*om  a  clawed  circuit 
consisting  of  a  great   length  of  wire  coiled  into  a  helix;  al  o, 
the  induction  of  electricity  in  a  similar  coil  by  the  magnetiz<i- 
tion  and  de-magaetization  of  an  electro-magnet  by  a  batteiy 
current,  and  by  the  magnetizatioa  and  de-magnetizalioa  of  a     • 
piece  of  soft  iron  by  the  inductive   influence  of  a  permanent 
magnet  brought  near  and  removed  from  it.    In   1833,  Dal 
Negro,  an  Italian  philosopher,  discovered  that  the  inductive 
influence  of  the  current  of  the  primary  wire  connecting  the 
poles  of  a  battery,  was  more  mtense  if  the  wire  were  woimd 
into  a  coil  surrounding  a  piece  of  soft  iron.     In  1834,  Mr.  Far- 
aday made  the  announcement  of  the  same  fact,  communicated 
to  him  by  a  young  man  named  William  Jenkin,  of  London,  viz: 
"  that  if  an  ordinary  wire  of  short  length  be  used  as  a  medium 
of  communication  between  the  poles  of  a  battery  of  a  single 
pair  of  metals,  no  management  will  enable  the  experimenter  to 
obtain  an  electric  shock  from  this  wire ;  but  if  the  wire  which 
surrounds  an  electro-magnet  be  used,  a  shock  is  felt  each  time 
the  contact  with  the  electromotor  is  broken,  provided  the  ends 
of  the  wire  be  grasped,  one  in  each  hand."     This  fact  Faraday 
confirmed  by  his  own  experiments.     In  1836,  Dr.  Page  discov- 
ered the  principle  that  the  intensity  of  the  induced  current  in  the 
secondary  wire  might  be  greatly  increased  by  lengthening  the 
secondary  coil  and  making  it  many  times  longer  than  the  pri- 

477.  Who  discovered  the  fiict  of  indartion  In  the  prtmmry  wire  coiled  Into  a  h^iv? 
Who  diecorered  the  inductive  nction  of  the  primary  vire  upon  a  neighborinfc  vtre  ?  Who 
disroTert!Ml  the  increase  of  cfTeot  produced  by  winding  the  primaiy  coU  around  a  |iftidi 
of  tfoft  iron  ?    What  waa  the  discoreiy  made  by  Jenkin  ? 
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maiy  coil ;  constructed  his  componnd-coll  and  spark-arresting 
circuit-bteaker,  and,  in  1838,  discovered  the  advantage  of  mak- 
ing use  of  a  number  of  soft  iron  wires  in  place  of  a  bar  of  solid 
iron  in  the  axis  of  the  inner  coiL  In  1853,  Fizeau  discovered 
the  peculiar  effect  of  the  condenser,  or  Lejden  jar,  in  absorbing 
the  extra-current  and  increasing  the  intensity  of  the  induced 
current  in  the  secondary  coil.  Li  1857,  Ritchie  invented  his 
improved  mode  of  winding  and  insulating  the  secondary  coil 
and  breaking  the  circuit,  by  which  the  length  of  the  spark  was 
increased  to  fiAeen  inches.  And  finally,  in  1860,  by  adopting 
this  improved  mode  of  winding,  and  by  greatly  lengthening 
the  secondary  coil,  Ruhmkorff  succeeded  in  biinging  his  induc- 
tion coil  to  its  present  state  of  perfection. 

In  the  development  of  Magneto-Electric  machines,  the  origi- 
nal discovery  of  the  induction  of  electricity  by  the  magnet,  and 
the  production  of  a  current  in  a  wire  wound  upon  soft  iron, 
by  the  approach  and  removal  of  a  strong  permanent  magnet, 
was  made  by  Mr.  Faraday  in  1831.  In  1832,  Pixii  constructed 
his  machine,  in  which  a  magnet  was  made  to  revolve  in  front 
of  fixed  coils.  In  1833,  Saxton  constructed  his  improved  ma* 
chine,  in  which  the  magnets  were  fixed,  and  the  coils  made  to 
revolve;  and  in  1833,  Page  made  still  further  improvements 
by  increasing  the  number  of  the  magnets  and  inducing  magnet- 
ism at  both  extremities  of  the  iron  cores  within  the  coib,  and 
invented  his  pole-changer,  by  which  each  pole  always  received 
the  same  kind  of  electricity,  and  one-half  the  electric  current 
previously  lost,  was  paved.  In  1861,  Holmes  invented  the 
combination  of  magneto-electric  machines,  which  resulted  in 
the  production  of  the  permanent  magneto  electric  light,  and  its 
introduction  for  Light-house  illumination.  This  was  followed 
by  Wilde's  machine  in  1866,  and  by  Ladd's  in  1867,  by  which 
the  Magneto-Electric  machine  has  been  advanced  to  its  most 
perfect  state,  and  brought  to  supersede  the  light  of  the  sun  for 
photographic  pictures.  All  these  wonderful  inventions  and 
their  applications,  directly  connected  with  fome  of  the  greatest 
improvements  in  modem  civilization,  derive  their  origin  from 
the  discovery  by  Mr.  Faraday,  in  1831,  of  the  induction  of  elec- 
tricity by  magnetism,  and  the  production  of  the  electric  Fpark 
by  a  fixed  magnet ;  and  therefore,  with  justice  might  he  say,  in 
the  latter  part  of  his  life,  in  speaking  of  the  attempts  by  Mr. 

Who  discorered  Um  lulTantage  of  lengthening  the  aecondaiy  coil?  Who  flint  nmdtt 
vmof  the  Condenser?  Whiit  wm  lUtcble^s  fanprorement?  Ruhmkorff '•?  Trace  the 
order  of  progrvmion  In  the  ooniitructkm  of  Magneto-Electric  Bfaehlnea.  To  whoae  di»- 
tovaj  k  the  MagQeto*eloctric  light  of  Ught-hooMa  itricUy  due? 
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Holmes  at  introducing  the  magneto-electric  light  into  the  Liglit- 
house  at  the  South  Foreland,  a  subject  in  which  he  was  much 
interested, — "  I  will  not  tell  you  tliat  the  problem  of  emplojing 
the  magneto-electric  spark  for  Light-house  illumination,  is  quite 
solved  yet,  although  I  desire  it  should  be  established  most 
eame  '^tly,  for  I  regard  this  magnetic  spark  as  one  of  my  own 
offspring." 


S  Vim  TIiermo-Blectricity* 

478.  Heat  prodvcss  Electricity.  We  have  seen  that  Elec- 
tricity pro  luces  Heat :  it  is  found  that  the  reverse  is  also  true, 
and  that  Heat  under  certain  circum  tances  produces  Electricity. 
If  metallie  bars  of  unequal  co.tducting  power  for  heat  be 
soldered  togetlier  at  one  extremity,  and  heat  applied  at  the 
point  of  junction,,  the  other  extremity  of  the  bars  being  oon- 
ne:?tel  with  the  galvanometer,  an  electric  current  will  be  at 
once  produced,  flowing  irom  the  hotter  to  the  colder  metaL 
Tiius,  in  Fig,  2bB,  let  in  n,  be  a  bar  of  copper,  whose  ends 

are  bent  down 
Fig.  2fi8.  and   soldered 

to  a  plate  of 
bismuth,  p  a, 
and  let  a  mag- 
netic needle 
be  mounted 
upon  a  pivot 
in  the  spaco 
between  the 
plates,  and  the 
apparatus  be 
pLiced  in  the 
magnetic  me- 
ridian; on 
applying^   the 

h^at  of  a  lamp  at  o,  the  needle  will  be  at  once  deflected  in 
such  a  mann  T  as  to  show  the  pa-»sage  of  a  current  of  elec- 
tricity from  n  to  w,  in  the  direction  indicated  by  Uie  arrow. 
If  instead  of  applyinoj  heat  at  o,  a  piece  of  ic3  be  placed  at 
that  point,  or  cotton-wool  moistened  with  ether,  while  the  juuo- 

478   Prove  that  Heat  produoM  Slectrid^.    Dctorib«  Fig.  26S. 


Ekctrieity  produced  by  Heat. 
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tion  at  m  retains  its  natural  temperature,  there  will  be  a  cur- 
rent in  the  opposite  direction,  from  m  towards  w,  and  the 
energy  of  the  current  will  be  proportioned  to  the  differenci 
of  temperature  between  the  two  junctions.  The  current  i* 
always  from  the  hotter  to  the  colder  metal :  it  has  been  found 
that  the  currents  are  produced  equally  well  in  vacuo  and  in 
hydrogen,  and  therefore  are  not  due  to  chemical  action.  The 
true  cauie  is  the  unequal  propagation  of  heat  fi"om  the  heated 
junction.  Any  obstruction  to  the  equal  distribution  of  heat 
in  a  metallic  conductor,  generates  a  current  of  electricity,  i  i 
t'.ie  same  way  that  any  obstruction  to  the  flow  of  the  electric 
current  in  a  metallic  wire  produces  a  rise  of  temperature. 
T»vo  metals  are  not  necessary  to  the  evolution  of  the  cur- 
rent: any  disturbance  of  the  molecular  arrangement  so  a 5  to 
interfere  with  the  equal  propagat'on  of  the  heat  from  the 
hot  to  the  cold  portions  of  a  bar  composed  of  a  singhs 
met:il,  is  sufficient  to  produce  an  electrical  current.  Thus  a 
straight  platinu  n  wire  stretched  between  the  binding  screws 
of  a  g  ilvanometer,  may  be  heated  at  any  point  without  de- 
veloping the  slightest  current  in  the  instrument:  but  if  the 
platinum  wire  be  twisted  into  a  loop  so  that  its  molecular  ar- 
rangement is  slightly  altered  at  thi-j  point,  and  heat  be  applied 
cloie  to  the  loop  and  to  the  right  of  it,  a  current  will  circulate 
through  the  galvanometer  from  right  to  left,  owing  to  the  un- 
equal conduction  of  the  heat.  Theie  facts  were  ascertained  by 
Seebeck  at  Berlin,  in  1821,  and  are  of  great  interest  as  show- 
ing the  intimate  connection  between  Heat  and  Electricity.  It 
may  be  stated  in  general  that  when  two  metals,  of  unequal  con- 
ducting power  for  heat,  are  connected  in  any  way  so  as  to  fonn 
a  closed  circuit,  an  electrical  current  is  established  flowing  from 
the  hotter  to  the  colder,  whenever  a  different  temperature  is 
produced  between  them,  and  the  current  is  maintamed  as  long 
as  any  difference  of  temperature  continu'^s.  The  metal  from 
which  the  current  proceeds  is  exactly  analo^^ons  in  situation  to 
the  zinc  plate  in  the  battery;  the  metal  to  which  the  cun*ent 
proceeds  is  analogous  to  the  platinum  plate.  The  different  metals 
do  not  all  possess  this  power  when  associated ;  and  the  direc- 
tion of  the  cu.'rent  depends  upon  the  metals  which  compose  the 
circut.  Wlien  bars  of  a  itimoiy  and  bismuth  4ire  soldered  to- 
gether and  heated  at  th^j  junction,  the  current  flows  from  the 

Does  the  cuirent  flow  fnun  the  hot  to  the  cold  metal  or  the  reverw?  What  Is  th« 
effect  if  there  be  nn>  obstruction  to  the  cq'ial  propis^ition  of  heat  in  a  metaH'r  con. 
d-ict-ir?  What  always  takes  plice  when  t'.vo  metals  of  uuequal  conducting  power  am 
connected  lo  as  to  form  s  closed  circuit  aud  heated  ? 
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cold  end  of  the  bismuth  to  the  coM  end  of  the  antimony,  as 
represented  in  Fig.  258.  The  following  series  represents  the 
thermo-electric  order  of  the  metals,  each  metal  being  positive 
in  reference  to  the  metals  which  come  after  it, — Bismuth,  Mer- 
cury, Lead,  Tin,  Platinum,  Copper,  Silver,  Zinc,  Iron,  Antimony. 
Wben  heated  together,  the  current  proceeds  from  the  cold 
extremities  of  those  which  are  first  on  the  list  to  the  cold  ex- 
tremities of  those  which  are  last.  The  theiino-electric  order  is 
very  different  from  the  voltaic  order.  Other  substances  besides 
the  metals  will  also  produce  electrical  currents  when  soldered 
together  and  heated.  Gas-carbon  may  be  used  in  connection 
with  German-silver,  with  silver,  and  with  iron,  and  it  has  even 
been  found  that  the  point  of  a  heated  cone  of  porcelain,  if  brought 
into  contact  with  a  cold  cylinder  of  the  same  material,  will  gen- 
erate a  thermo-electric  current  passing  from  the  hot  cone  to  the 
cold  cylinder,  each  being  connected  with  the  galvanometer  by 
cotton  soaked  in  some  conducting  liquid. 

When  the  process  is  revenged,  and  a  weak  galvanic  current 
is  transmitted  through  a  thermo-electnc  series,  heat  U  produced 
if  the  current  be  sent  in  the  same  direction  as  the  thermo-elec- 
tric current,  and  cold  if  in  the  reverse  direction. 

479.    The  Thermo-electric  Battery.     By  connecting  the 
coM  bismuth  end  of  a  thermo-electric  pair 
composed  of  antimony  and  bismuth,  with  the 
cold   antimony  end  of  a  second  pair,    as 
shown  in  Fig,  259,  the  bismuth  being  repre- 
sented by  the  white  bar,  and  the  antimony 
by  the  black,  and  so  through  a  long  series, 
a    battery  may   be   constructed,    the 
power  of  which  increases  with  every 
additional  pair.     While   the   ends  of 
the  pairs  on  one  side  must  be  heated, 
tlio^e   on  the  other  side  must  be  kept 
cool,  in  order  to  obtain  the  most  pow- 
erful effects.     When  arranged   as   in 
Fig.  260,  the  extremities   of  the  se- 
ries being  connected   with  a  galvan- 
ometer by  means  of  wires,  upon  the 
application  of  heat  at  the  upper  ends,  the 
needle    is   powerfully    deflected,   and 
iodide   of    potassium    and    acidulated 
water  may  be  decomposed.     The  legs 
of  a  frog  may  even   be  thrown  into 
convulsions    by  the  current  proceed^i 


The  Tfiermo^Uctrie  FUe. 


Tkermo-^f^rtric  Battery^  with 
Ualoanometer. 
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ing  from  a  single  pair.  If  the  lower  ends  of  the  paire  he 
heated  while  the  upper  are  kept  cool,  the  direction  of  the 
current  will  be  reversed.  The  intensity  of  the  current  is 
feeble,  but  in  quantity  it  closely  resembles  a  weak  galvanic 
circuit:  its  chief  effect  is  therefore  magnetic,  and  a  battery 
composed  of  sixty  pairs  of  bismuth  and  antimony  bars,  three 
inches  long,  three -fourths  of  an  inch  wide,  and  one-fourth  of 
an  inch  thick,  whose  extremities  on  one  side  are  heated  by  a 
hot  plate  of  iron,  and  on  the  other  cooled  by  immersion  in  snow 
mixed  with  half  its  weight  of  Fait,  will  produce  an  electro- 
ma;j:netic  current  sufficient  to  raise  a  weight  of  fifty  pounds. 

480.  Th«  Tbermo-etostric  Battery  of  Nobili.  The  first 
thermo-electric  battery  wen  constructed  by  Oersted  and  Fourier, 
but  Nobili  was  the  inventor  of  the  arrangement  now  generally 
used ;  he  united  bars  of  bismuth  and  antimony  in  such  a  way  as 
to  form  a  series  of  five  pairs,  the  bar  of  bismuth  b,  being  con- 
nected with  the  lower  an- 
Fig.  262.  Fig.  261.  timony  bar  of  a  second 

similar  series  placed  ver- 
tically by  the  side  of  the 
first,  Fig.  261,  then  the 
last  bismuth  of  this  series 
with  the  first  antimony  of 
a  third,  and  so  on  for  four 
vertical  series  containing 
20  couples,  the  whole  se- 
ries commeneing  with  a 
bar  of  bismuth  and  end- 
ing with  one  of  antimony. 
The  pairs  were  insukted  by  means  of  bands  of  paper  covered 
with  varnish,  and  then  enclosed  in  a  brass  case,  in  such  a 
manner  that  the  junctions  of  the  bars  appeared  at  the  opposite 
ends  of  the  case.  Fig.  262.  Two  binding  screws,  x  and  y,  insu- 
lated by  ivory  and  communicating,  the  one  with  the  first  anti- 
mony,  and  the  other  with  the  last  bismuth  b.ir,  constitute  the 
poles  of  the  battery,  and  admit  of  the  attachment  of  wires 
connecting  with  a  galvanometer,  as  represented  in  Fiir,  263. 
When  thas  connected,  the  slightest  difference  of  temperature 
between  the  two  ends  of  the  batrery  is  sufficient  to  excite  a 

What  U  the  thermo-electric  order  of  the  metals?  Will  any  but  metilllc  nabfitances 
answer?  What  In  the  ••ffect  of  transmitting  an  electric  current  throufcb  a  themio-elec- 
trie  aerie*?— 479.  Describe  the  thermo  el-otric  battery.  What  are  \U  effects^  What  Is 
its  magnetic  power  ?— 480.  Disacribe  the  thermo  electric  battery  of  NobiU. 


NobUVs  TAgrmo-eUctrie  Battery. 
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Fig.  263.  current  of  electric- 

ity, aiid  produce  a 
very  sensible  de- 
flt^ctionof  the  nee- 
dle of  the  galvan- 
ometer. 

481.  TheTher- 
mo-nnltiplier  of 
IKIelloni.  Nobili*s 
battery  thus  ar- 
ranged and  con- 
nected with  a 
galvnnometer,  is 
the  instrument 
with  which  Mello- 
ni  made  his  cele- 
brated researches 
in  regard  to  the 
transmission        of 

heat  through  screens,  §  88,  and  proved  the  existeice  of  a  calorijir. 

tint  for  heat  in  thin  plates  similar  to  the  cohyrific  tint  for  light. 

It  was  named  by  him  the  Thermo-Multiplier,  Fig,  2C3.     The 

Fig.  264. 


Ilu  Tiitnno-tUctric  MultiplUr  for  measuring  heat. 


MellonVs  apparatus  for  measuring  th^  tmitsmission  of  radiant  heat  by  the  Tkerm9- 
Multiplier. 

arrangement  of  his  apparatus  was  as  follows,  Fig.  204.     Upon  a 
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tablet  of  wood,  a  brass  rule  was  mounted,  about  a  yard  in  length, 
and  carefully  graduated.  This  rule  supported  at  varying  d  s- 
tances  the  different  pieces  of  which  the  apparatus  was  composed; 
on  a  stand  a,  was  mounted  the  locatelli  lamp,  or  other  source  of 
heat ;  then  the  screens  p  and  e  ;  then  a  second  support  c,  on 
which  were  placed  the  substances  whose  diathermic  power  was 
to  be  determined;  and  finally  the  thermo-electric  pile  m,  who^e 
pole^  A  and  b,  were  connected  with  the  galvanometer  d,  by  short 
and  thick  wires.  The  diathermic  power  of  the  substances  in  ques- 
tion was  determined  by  the  degree  of  deflection  in  the  galvan- 
om^ter.  A  thermo-electric  pile,  with  galvanometer  attached, 
ivai  also  the  instrument  used  by  Tyndall  in  his  experiments 
upon  the  ab^^orption  and  transmission  of  radiant  heat  by  gases, 
described  in  his  work  entitled,  ^^Heat  a  Mode  of  Motion^'  and  it 

constitutes  the  most  delicate  known 
instrument  for  measuring  slia;lit 
degrees  of  heat.  The  heat  of  the 
hand  at  the  distance  of  several 
feet,  warm  air  breathed  fiom  the 
mouth,  or  even  the  heat  produced 
by  the  impinging  of  compressed 
air  upon  one  end  of  the  batterv, 
the  temperature  of  insects,  F%g. 
265,     and,    on    the    other  hand, 

Vu  temveratnre  o^ln^ecU  measured        ^^^^^^^  S^'g^^  depressions  of  tcm- 

b^  the  Tiurmo-Mttuipiier.  pcraturc  at  the  Opposite  end  of 

the  battery,  all  produce  a  re- 
markable deflection  of  the  needle,  and  are  capable  of  being 
measured  by  it. 

482.  Farmer's  Thermo-Blectric  Battery.  A  thermo-elec- 
tric battery  has  recently  been  constructed  by  Mr.  Farmer,  the 
in  ventor  of  the  Electric  fire-alarm,  §  430,  which  may  be  substituted 
with  great  advantage  for  the  galvanic  batteries  and  magneto- 
electric  machines  in  common  use.  A  series  of  pairs  of  German- 
silver  and  bismuth,  are  arranged  with  their  soldered  extremities 
pointing  towards  a  common  centre,  in  such  a  manner  as  to 
make  a  pei-fect  circle,  1,  Fig,  26G;  the  electric  current  cin-u- 
latiis  from  pair  to  pair,  and  finally  appears  at  the  polar  binding 
screws;  by  means  of  these  screws  the  current  may  ba 
transmitted  to  the  binding  screws  of  a  second  series,  2,  entirely 

4^1.  DeMnrihe  Melloni's  Thermo-multiplier.  Describe  the  amnicnDent  of  Melloni's 
apparatus  f  >r  measuring  the  tnosmlMion  of  nMliant  heat.  Wh»t  sl^ut  decrees  o/  tuiu- 
pemturo  can  be  lueosurci  by  tais  iiutruiiieat  ? 
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Far  nut'' s  Thermo- EUctne  Battery, 


Fig-  «««•  insulated       from 

the  first,  and  pro- 
ducing a  similar 
current,     and  ' 
thence  to  a  third, 
finally  emergrng 
at  the  poles.  ^  and 
n.     In   order    to 
actuate  this  bat- 
tery, it    is   only- 
necessary  to  ap- 
ply heat    within 
the  internal  cylin- 
der to  which  the 
pairs  point.    This 
may  be  done  b  j 
means  of  charcoal 
gas,  or  an  alcohol 
lamp.     In  Fig,  266,  g  is  a  tube  connecting  with  a  ga^^-bumer, 
B  is  the  ga<«-bnrner  of  the  battery,  c  is  a  deflector  to  keep  the 
ht*at  down  in  the  centre.    All  that  is  required  to  put  the  battery 
in  operation,  is  to  turn  on  the  gas  and  light  the  burner  b  ;  it  ac- 
quires its  maximum  of  aotivity  in  a  few  moments,  and  works 
continuously  and  constantly  as  long   as  it  receives  hent,  pro- 
ducing a  8teady  and  perfectly  uniform  current  of  electricity 
for  an  indefinite  period,  without  any  perceptible  variation  in 
strength.      It  may  l)e  employed  for  any  of  the  purposes  for 
which  a  common  galvanic  battery  is  used, — for  working  the 
telegraph,  precipitating  metals  from   their   solutions,  excitmg 
electro-magnets,  operating  fire-alarms,   producing  the  electric 
light,  or  actuating  Page's   or   Ruhmkoi-fTs   coils  for  medical 
use,  and  is  particulaily  adapted  to  electrotyping,  plating  and 
gilding,  because  no  acids,  mercury,  or  liquids  of  any  kind  are 
required.     There  is  no  waste  of  the  metallic  pairs,  as  they  re- 
main as  good  at  the  end  of  the  year  as  when  first  used.     It 
requires  no  attention  after  being  first  lighted,  and  will  run 
day  and  night  without  any  change,  as  long  as  heat  is  applied. 
It  is  also  very  economical,   as   five   or    six   pounds    of  coal 
will  evolve  as  much  electricity  as  one  and  a  half  pounds  of 
zinc,  five  or  six  pounds  of  sulphuric  acid,  and  one  ounce  of 
mercury.     Ten  pairs  are  estimated  to  be  equal  to  one  Smee's 
cell ;  twenty-four  pairs  to  one  DanielFs  cell,  and  forty-four  to 

482.    Deflcrib*  Farmer*!  Thenno-ek«ctrlo  batterj.    What  Is  rpqnlred  Co  pot  Ihit  bat- 
«erv  Into  operatlou  ?    For  wliat  purpoflcK  rnxj  it  b«  employed  ?    Wtut  are  its  aav.atjea  T 


Digitized  by  VjOOQIC 


AXIMAL  517 

f 

one  Grove's  celL  The  cost  of  working  such  a  baHery  possessing 
half  the  power  of  a  G.X)ve  cell,  and  five  timed  that  of  a  Daiiiell, 
is  one-third  of  a  cent  per  hour  with  gas,  and  two  cents  per  hour 
with  an  alcohol  lamp.. 

It  has  been  estimated  that  a  light  equal  to  that  of  5,000 
caniles,  can  be  produced, 

By  a  Grovels  battery,  at  a  cost  of,  per  candle,  per  hour,  of  5^  mills,    i 

By  IllumiQating  Qas, 1       '^         < 

,    By  Snaee's  battery, 1      "        j  ' 

By  the  Magaeto-electric  machine,         .        .        .  0.10 " 

Also,  that  from  one  .pound  of  coal  used  in  the  steam-cngme  to 
drive  the  magneto-electric  machine,  or  in  the  thermo-electric 
battery,  a  light  equal  to  that  of  about  144  candlei  can  b^  ob- 
tained :  also  that  the  total  electrical  energy  contained  in  one 
pound  of  pure  carbon,  completely  burned  into  carbonic  a^id, 
and  its  heat  used  to  produce  electricity,  and  through  electricity 
converted  into  Light,  will  furnish  an  amount  equal  to  that  of 
a  candle  burning  1  year  and  5  months ;  and  that  if  all  the  energy 
in  a  pound  of  carbon  could  be  converted  into  Light  by  means  of 
the  electricity  which  it  is  capable  of  generating,  it  would  be 
equivalent  to  the  burning  of  ac.indle  for  12,410  hours. 

This  will  give  soms  idea  of  th3  tremendous  amount  of 
energy  capable  of  being  furnished  by  the  electricity  deiived 
from  Heat 


f  VZX.  Animal  ZUectricity* 

483.  Animal  Life  prodneei  Blectrieity.  The  vital  priii- 
ciple  of  the  Animal  economy  in  all  animals  produces  Elec- 
tricity, and  in  soma  animals  is  capable  of  generating  very 
powerful  electrical  currents.  The  torpedo,  a  flat  fish,  found 
in  the  Mediterranean,  is  provided  with  two  electrical  organs 
situated  oie  on  each  side  of  the  spine,  near  the  head,  and 
a  powerful  shor^k  is  received  on  simultaneously  touching  the 
back  and  the  belly  of  the  fi^h  at  any  part;  but  the  strongest 
shock  is  obtained  immediately  over  the  two  organs.  The 
gymnotu^  a  fre.^h  water  fish,  abundant  in  the  waters  of  the 
Orinoco,  has  four  electrical  organs  running  from  the  head 
to  the  tail  of  the  animal.     So  great  is  the  electrical  energy 

St^te  the  oompMratiTo  •xpe^M  of  producing  s  tfght  equal  to  that  of  5090  oaodlM  ttorn 
GroTo^i  bartery,  Smeo'ii,  riluminating  Ga§,  and  the  H<^neto-electri«*.  machine.  State  the 
totil  electrical  enerppy  co  italned  In  one  poand  of  coul.  Btato  tho  lUumiiMttng  power 
«f  one  poood  of  Carboa  if  cooTertod  Into  lighl. 
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of  the  animal  that  a  fish  40  inches  in  length,  has  given  a 
shook  which,  it  has  been  calculated,  is  equal  to  that  emitted 
from  a  Leyden  battery  of  15  jars,  exposing  3500  square  inches 
of  coated  surface.  The  shocks  from  the  gymnotus  are  sufficient 
to  stun,  and  even  kill,  large  fish;  and  give  rise  to  electric  cur- 
rents of  enough  power  to  deflect  the  galvanometer,  mag- 
netize  a  needle,  decompose  iodide  of  potassium,  and  even  pro- 
duce sparks.  It  has  been  shown,  also,  that  in  all  living  ani- 
mals an  electrical  current  is  perpetually  circulating  between  the 
interior  of  the  muscles  and  their  external  surface,  probably 
due  to  the  vital  changes  which  are  continually  going  on  in  the 
organic  tissue.  In  warm-blooded  animals,  this  current  ceases  in 
a  very  few  minutes  after  death ;  but  in  cold-blooded  animals,  it 
continues  for  a  much  longer  period.  If  five  or  six  frogi  be 
killed  by  dividing  the  spinal  colunm  just  below  the  head,  the 
lower  limbs  removed,  and  the  skin  stripped  from  them,  the 
thighs  separated  from  the  lower  legs  at  the  knee  joint,  and  then 
cut  across  transversely,  a  battery  can  be  constructed  from  the 
pieces.  Thus,  let  the  lower  half  of  the  thighs  be  placed  upon 
a  varnished  board,  and  arranged  so  that  the  knee  joint  of  one 
limb  shall  be  in  contact  with  the  transverse  section  of  the  next, 
and  a  muscular  pile  can  be  formed,  consisting  of  ten  or  twelve 
pairs;  the  terminal  pieces  should  be  made  to  dip  into  small 
cavities,  in  which  distilled  water  is  placed.  If  the  wires  of  a 
g.ilvanometer  be  introduced  into  these  cavities,  by  means  of  two 
thin  platinum- plates,  a  deviation  in  the  needle  will  be  observed 
in  such  a  direction  aa  to  show  the  existence  of  a  current  passing 
from  the  centre,  or  cut  transverse  end  of  the  muscle,  towards 
its  exterior.  This  muscular  pile  acts  equally  well  in  hig!ily 
rarefied  air,  in  carbonic  acid  gas,  and  in  hydrogen ;  in  the  last 
gas  the  needle  of  the  galvanometer,  after  being  moved,  remains 
stationary  for  several  hours.  This  nullity  of  the  action  of  the 
several  gases  is  thought  to  prove  that  the  oxygen  of  the  air  is 
not  necessary,  and  that  the  origin  of  the  current  is  in  the  muscle 
itself,  and  depends  rather  on  the  organization  of  the  muscular 
fibre  and  the  chemical  actions  going  on  within  its  structure.  If 
a  prepared  frog  be  placed  with  its  lumbar  nerves  plunged  into 
one  capsule  filled  with  water,  and  its  legs  placed  in  another,  th3 
circuit  being  completed  through  the  galvanometer,  the  ins  ru- 
ment  gives  indications  of  an  electrical  current  passing  from  the 
f^et  towards  tlie  head  of  the  animal.     The  effect  is  very  much 

4S3.  C\n  the  vit»l  principle  of  animals  produce  electrioitjr  ?  I>e<icribe  the  torpedo. 
WUat  effacti  are  produce  I  b/ it?  Is  t  lere  an  electrical  curreot  ciroulatins  in  all  ani- 
mill  ?  I>?«— lh3  t  !>»  fros  bitter/.  Hojt  U  it  sho#n  t:iit  tho  ourreat  L«  not  produced  br 
th«  action  of  the  air?  . 
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Fig.  252. 


in^n'eased  when  several  frogs  are  arranged  on  an  insulated  sur- 
face in  the  manner  shown  in  Fij,  252,  the  spinal  cord  of  each  f  og 
touching  the  legi  of  the  following ;  every  time  the  circuit  is 
confipleteJ,  the  needle  of  the  f^alvanomfter  moves,  and  the 
limbs  of  the  frogs  contract.  It  is  probable  that  further  inves- 
tigation will  develop  a  still  closer  rt'lalion 
between  electricity  and  the  vital  force  of 
the  Animal  economy. 

484.  The  Physiological  oSbcti  of  tho 
Galvanic  Current.  On  the  other  hand  the 
physiological  effects  of  the  galvanic  cur- 
rent upon  the  animal  economy  are  equally 
remarkable.  The  convulsive  movements  i.i 
the  leg  of  the  frog,  noticed  by  Galvaui,  led 
to  the  invention  of  the  voltaic  pile,  and  the 
formation  of  a  new  science.  When  the 
wire  from  one  pole  of  the  battery  is  put 
in  communication  with  the  nerve  of  any 
limb  of  an  animal  recently  killed,  Fig.  2.**3, 
and  the  wire  from  the  other  pole  with  the 
outside  of  the  muscles,  the  limb  will  le 
contracted  with  great  violence,  tho  mus(lt*8 
of  the  face  will  be  made  to  di  play  the  va- 
rious emotions  and  pasjfion5»  of  the  mind,  and 
many  of  the  vital  processes  of  secretion  and 
digestion  will  be  recoinmenceJ,  so  that  there 
is  good  reason  for  supposin*;  a  close  connec- 
tion between  the  galvanic  current  and  the 
nervous  energy  by  which  all  the  vital  func- 
tions are  maintained. 

By  means  of  a  powerful  galvanic  current, 
small  animals,  such  as  rabbits  and  hares, 
which  have  been  suffocated  half  an  hour,  have 
been  brought  to  life.  The  face  of  a  prisoner,  who  had  been  exe- 
cuted by  h-mging,  exhibited  such  dreadful  muscular  contortions 
when  ex 'ited  by  the  galvanic  current,  as  to  horrify  the  spectators : 
the  trunk  partiallv  raised  itself,  the  hinds  were  agitated  and  the 
arm^  swung  wildly,  the  chest  rose  and  fell  as  though  respira- 
ti  m  had  recommenced,  and  nearly  all  the  vital  pmrcses  were 
set  in  motion ;  but  the  whole  effect  ceased  as  soon  as  the  current 

Describe  the  ammReincTit  of  the  frog  buttery. — 4S4  Stnte  the  phy^lolofricnl  eff-cts 
of  t'le  cnrren^.  Whnt  \%  the  effpct  npon  rauUl  aoimals  Ihal  have  been  tullocatedl?  Po< 
•cribe  tlM  cffecl  upon  an  execated  prifoner. 


Battery  eonttr'trt^fj  of 
<A«  Ugi  of  Ffog9, 


Digitized  by  VjOOQ IC 


520 


EFFECT^    OF  THE 


was  withdrawn.  If  the  fingers  be  moistened  and  applied  to  the 
poles  of  the  battery,  a  smart  shock  will  be  obtained,  the  strength 
of  which  will  depend  upon  the  number  of  plates  or  cells  em- 
ployed ;  if  two  metallic  handles  be  connected  with  the  two  poles, 
and  grasped  by  the  moistened  hands,  the  strength  of  the  con- 
tinued succession  of  shocks  will  be  greatly  increased.     The 


Tin  tfftti  of  thi  CkdvatUe  ewrent  on  tht  Animal  economy, 


most  severe  shocks  are  given,  however,  not  by  the  direct  cur- 
rent of  tiie  battery,  but  by  the  induced  currents  of  Page's  and 
Ruhmkorffs  coils,  and  the  various  Magneto-electric  machines. 
Shocks  of  great  violence  can  thus  be  given,  and  so  firm  a  mus- 
cular contraction  of  the  hands  produced,  that  it  will  be  impos- 
sible to  relax  the  grasp.  It  has  also  been  found  that  these  in- 
duced currents  exert  a  different  effect  upon  the  system,  from  tlio 
direct  current  of  the  battery,  and  do  not  produce  the  same  chem- 
ical disturbance  of  the  functions  of  tlie  body.  Various  instru- 
ments have  been  invented  for  the  application  of  these  currents 
to  medical  purposes.     Of  these  the  most  e^cient  is  Page's  sep- 

How  can  sboekg  tM  taken  firom  tba  battery?    WhMt  !•  the  effect  of  udng  metaUto 
b«iid]M7    B/ what io8tnuD0atteaa  the moBtfersraslioclu  be  obtained? 
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arable  helices  §  451,  with  the  coils  arranged  horizontally,  on  ac- 
count of  the  facility  with  which  tha  shocks  may  be  regulated. 
With  this  apparatus,  there  are  some  peculiarities  in  the  shock 
depending  upon  the  motion  of  the  battery  wire  over  the  ra-^p : 
if  it  is  moved  slowly,  distinct  and  powerful  shocks  are  expe- 
rienced ;  if  the  motion  be  more  rapid,  the  arras  are  much  con- 
vulsed :  and  if  it  be  drawn  very  rapidly,  the  succession  of  shocks 
becomss  intensely  painful.  The  violence  of  the  shocks  can  be 
easily  regulated  by  the  number  of  iron  wires  employed,  and  by 
varying  the  distance  to  which  they  are  inserted.  The  power 
of  the  shock  depends  very  much  upon  the  extent  of  the  contact 
surface  between  the  hands  and  the  metallic  conductors ;  if  two 
wires  only  are  used,  and  held  lightly  in  the  fingers,  the  effect  is 
much  less  than  when  metallic  handles  are  employed  espe  -ially  if 
tha  handi  are  moistened  with  salt  water.  Shocks  of  a  peculiar 
character  may  be  given  by  placing  the  polar  wires  in  two  ba- 
sins of  water,  and  then  dipping  a  hand  into  each  basin ;  in  this 
ca^e  the  strongest  sensation  is  experienced  whjn  the  ends  of  the 
fingers  only  are  immersed;  if  a  large  surface  be  exposed  the 
shoek  will  be  felt  strongly  through  the  arm^.  The-e  shocks 
will  pa^s  without  much  diminution  of  intensity  throug!)  a  ciicle 
formed  of  several  persons,  although  different  individuals  are 
very  differently  affected,  the  siiock  which  is  felt  by  some  only 
in  the  fingers  or  hands,  in  the  case  of  others  extending  to  the 
arms  and  breast.  There  is  a  difference  in  tho  strength  of  the 
shocks  in  the  two  arms ;  if  the  positive  handle  be  held  in  the 
right  hand  and  the  negative  in  the  left,  the  left  hand  and  arm 
will  experience  the  strongest  sensations,  and  be  the  most  con- 
vulsed. This  remarkable  difference  of  inten-ity  is  believed  to 
be  a  purely  physiological  peculiarity,  a  greater  effect  being  pro- 
duced by  the  current,  in  the  arm  in  which  it  flows  in  the  same 
direction  as  the  ramification  of  the  nerves,  than  in  the  one  in 
which  it  fiows  in  an  opposite  direction.  If  both  wires  are  put 
into  the  same  trough  at  some  distance  apart,  and  a  finger  of 
each  hand  be  placed  in  the  water  in  a  line  between  the  two 
wires,  a  shock  will  be  felt,  because  the  current  finds  a  passa«:e 
through  the  body  more  readily  than  through  the  water,  which 
intervenes  between  the  fingers ;  but  if  the  fingers  be  put  in  at 
right  angles  to  the  line  between  the  wires  no  shock  will  be  felt : 
if  the  conducting  power  of  the  water  be  made  better  than  that 

How  a^n  the  Tlolence  of  th«  iihncks  be  ref^lated  ?  WhAt  tn  the  effect  of  taking:  the 
■hocks  throngh  water?  If  there  any  difference  lo  the  eSbct  upon  the  two  arms  ?  Uow 
may  the  effect  of  the  shook  from  water  be  increaeed  ? 
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of  the  body,  by  dissolving  in  it  a  little  common  salt,  little  or  no 
shock  can  be  perceived.  It  has  also  been  ascertained  that  iu- 
diiced  currents  of  different  orders  produce  different  effects  upon 
the  body.  An  induced  current  of  the  first  order,  produces 
strong  muscular  contractions,  but  has  little  effect  upon  the  sen- 
sibility of  the  skin,  while  an  induced  current  of  the  second  or- 
der increases  the  cutaneous  sensibility  to  such  a  degree,  tliat  it 
often  cannot  be  applied  to  persons  of  great  nervous  susceptibility. 

485.  Tho  varioiu  sourcM  of  Blectricity,  and  its  Relations 
to  the  other  two  Chemical  Ag'ents,  Beat  and  Ligrht*  The 
study  of  Static  and  Galvanic  Electricity  has  shown,  that 
this  wonderful  agent  can  be  produced  by  a  great  variety  of 
sources: — by  Friction;  by  Chemical  action;  by  Magnetism; 
by  Heat;  and  by  Vital  action.  It  has  also  showg  that  it  is 
capable  of  pix)ducing,  or  of  being  converted  into,  all  the  Forces, 
which  act  on  matter,  except  Gravity,  viz, — Motion ;  Heat ; 
Light ;  Chemical  action ;  and  Magnetism ;  and  that  it  can  imitate 
the  effects,  if  not  actually  produce  several  of  the  properties 
of  the  Vhal  Force. 

It  is  distinguished  from  the  other  Forces  by  producing  more 
intene  and  powerful  effects.  The  heat  which  it  generates  is 
the  most  iiiten-e  heat  known  ;  the  light,  which  it  evolves  is  su- 
perior to  the  light  of  the  Sun ;  the  motion  which  it  causes  is 
infinitely  more  rapid  and  prompt  than  any  which  can  be  brought 
about  by  the  more  tardy  operation  of  either  Heat  or  Light : 
the  physiological  sensations  which  it  exerts  are  more  decided, 
and  evident  than  those  of  the  other  forces.  It  is  especially  re- 
markable for  the  extraordinary  influence  which  it  exerts  over 
chemical  afiinity.  It  is  able  to  break  up  and  destroy  some  of 
the  mo'-t  powerful  combinations  existing  in  Nature,  and  has  dis- 
closed the  existence  of  a  very  large  number  of  the  chemical 
elements  known  to  the  chemist.  It  stands  out,  therefore,  a^  in 
some  respects  superior  to  the  forces  of  Heat  and  Light.  Con- 
sequently it  is  a  more  prominent  and  valuable  agent  for  the  mod- 
ification and  control  of  Chemical  afiinity  than  either  Heat  or 
Light,  and  is  emphatically  the  chief  instrument  wliich  the 
chemist  has  at  command  in  his  investigations  into  the  constitu- 
tion of  matter  for  the  purpof«e  of  determining  its  compositioa 
and  the  nature  of  the  elements  which  enter  into  it. 

What  different  effects  do  Induced  cunvnt*  of  different  ordera  prodnre  ?— 4S5.  Wh*t 
are  the  Tarious  sourcen  of  electricity?  Uow  is  it  distinguished  trook  other  Wcttmt 
Why  more  yaluAbVe  to  the  Chemist  ? 

22 
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S  VIII.  Ooncluioii  of  fhe  Chemical  forces. 

486.  The  Relations  tabsistiiifir  amoM  the  three  Chemical 
Forcesy  Beati  Lijht  and  Blodfcricity.  They  are  convertible^ 
aT&i  prabably  di3  to  tha  m»tioA  of  the  molecnles  of  bodies. 

It  is  evident  fro.n  what  has  been  already  said,  that  the  three 
Chemical  forces,  Heat,  Light  and  Electricity,  are  not  fn  le- 
pendent  of  each  other,  but  very  closely  related,  and  mutually 
convertible.  Taus  Heat,  when  accumulated  to  a  sufficient  de- 
gree in  bodies,  is  capable  of  producing  both  Light  and  Electric- 
ity without  the  intervention  of  any  other  force.  Lig'.it  is  capa- 
ble of  producing  both  Heat  and  Electricity  not  directly,  but  by 
the  intervention  of  the  force  of  Chemical  affinity.  Electricity 
is  capable  ,of  producing  Heat  and  Light  directly,  and  by  the 
rapid  magnetization  and  de-magnetization  of  an  iron  bar,  §  398, 
can  al-K)  produce  both  Molecular  motion  and  Heat.  These  Forces 
are  all  capable  of  being  produced  by  the  force  of  Mechanical  mo- 
tion ;  and  it  is  thought  by  some  can  always  be  traced  ba  !k  to 
their  origin,  in  Motion.  If  this  b3  so,  they  are  all  due  to  one 
cau^e,  viz — Motion  of  the  molecules  of  bodies.  Thus  Heat,  it 
is  well  known,  can  be  produced  by  Motion,  and  every  kind  of 
Heat,  as  we  have  seen,  §  258,  p.  230,  even  the  Heat  of  combus- 
tion, is  susceptible  of  explanation  on  this  principle.  Light  can 
also  be  produced  directly  by  Motion,  as  is  proved  by  the  flash 
which  accompanies  the  collision  between  projectiles  and  the 
target,  §  243,  p.  216.  Electricity  can  also  be  produced  directly 
by  Motion,  as  is  proved  by  the  operation  of  the  ordinary  elec- 
trical machine  and  the  revolution  of  coUs  in  front  of  the  poles 
of  a  magnet.  The  derivation  of  the  three  Chemical  Forces 
f-om  Motion,  and  their  mutual  convertibility  are  elegantly 
shown  by  the  magneto-electric  machines  of  Saxton  and  Page,  Figs. 
245,  247.  In  these  machines  coils  of  wound  wire  are  made  to 
revolve  by  means  of  mechanical  motion  in  front  of  the  poles  of 
powerful  magnets ;  by  this  revolution,  the  magnets  are  made  to 
generate  momentary  currents  of  Electricity ;  by  this  electricity, 
when  transmitted  through  carbon  points,  intense  Heat  and  Light 
are  produced,  and  chemical  decomposition  effected,  as  is  shown 
by  the  use  of  the  light  for  the  illumination  of  Light-houses, 
and  by  the  precipitation  of  the  metals  from  their  solutions  in 
the  various  processes  of  electrotyping  and  plating.     Thus  Mo- 

4SS.  How  cnn  it  he  <<hown  th'\t  th**  chemical  Forces  an»  oooTertlhle?  H-kW  can  tbey 
be  tmcM  bfick  to  Mechanic  il  MoMoa?  Bv  whJtt  maohlaea  CAa  the  deriyatioo  of  tlM 
ebemical  fi>roes  and  their  conrertibliitj  be  shown  ? 
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tion  may  be  converted  successivelj  into  all  the  Forces  aind  be 
made  to  appear  as  Heat,  Light,  or  Electiieity.  The  do  eness 
of  this  relation  is  conclusively  shown  by  the  following  elegant 
experiment  of  Mr.  Grove.  A  prepared  daguerreotype  plate 
of  silver  coated  with  Iodine  is  enclosed  in  a  box  filled  with  wa- 
ter, having  a  glass  front  with  a  shutter  over  it  Between  this 
glass  and  the  plate  is  a  gridiron  of  silver  wire.  The  silver 
plate  is  connected  with  one  extremity  of  the  coil  of  a  delicate 
galvanometer.  The  gridiron  of  silver  wire  is  connected  w'th 
oae  end  of  the  helix  of  Breguet's  metallic  thermometer.  Fig. 
60.  The  other  extremities  of  the  galvanometer  and  the  tlier- 
mometer,  are  connected  by  a  wire,  and  the  galvanometer  needles 
are  brought  to  zero.  Thus  a  complete  galvanic  circuit  is  con- 
structed: the  prepared  daguerreotype  plate  is  the  battery  gene- 
rating plate ;  the  silver  gridiron,  the  conducting  plate ;  the  wa- 
ter in  the  box,  the  exciting  liquid,  and  the  wire  which  runs  to 
the  galvanometer,  thence  to  the  thermometer,  and  then  back  to 
the  silver  gridiron,  is  the  conducting  wire.  As  soon  as  the  j^hut- 
ter  which  covers  the  glass  front  of  the  box  Ls  raised  and  a  beam 
of  day-Hj^ht,  or  of  the  electric  light  or  of  the  oxy-hydrogen  blow- 
p"pe,  is  permitled  to  fall  upon  the  silver  plate,  the  needle  of 
tha  galvanometer  begins  to  move,  and  the  index  of  the  metal- 
lic thermometer  to  turn,  showing  the  circulation  of  electric- 
ity, with  the  production  of  magnetism,  and  the  evolution  of 
heat.  Thus  Liglit  being  the  initiating  force,  we  get  chemi- 
cal action  on  the  plate,  electricity  circulating  through  the  wires, 
magnetism  in  the  galvanometer,  heat  in  the  thermometer,  and 
motion  in  the  needles. 

This  process  sometimes  goes  on  upon  a  great  scale  in  the  ope- 
rations of  nature.  Thu^  by  the  action  of  the  Light  of  the  Sun 
upon  the  leaves  of  plants,  the  carbonic  acid  which  they  inspire 
•from  the  air  is  decomposed,  and  the  Carbon,  which  constitutes  a 
large  part  of  the  substance  of  plants,  set  free.  It  is  by  this 
process  that  the  Carbon  which  now  constitutes  the  vast  depots 
of  coal  buried  beneath  the  soil  has  been  withdrawn  from  the 
ancient  atmosphere  of  the  earth.  By  this  action  of  Light,  in 
virtue  of  whinh  this  Carbon  is  withdrawn  from  chemical  com- 
bination, an  equivalent  amount  of  chemif^al  force  is  created, 
and  the  liberated  carbon,  recombining  with  the  oxygen  of  the 
air,  will  produce  an  equivalent  amount  of  Heat.  The  Heat  thus 
set  free  produces  by  its  effect  on  water,  an  equivalent  amount  of 

Devribe  Mr.  OroTe^!«  experiment.  W:it«-.  i«  the  initiiUng  Force  In  thi«  rtpfriment  ? 
In  what  operation  of  nature  Is  this  process  carried  on  upon  &  laiie  scale  ?  I>e0cribe  tUi 
process. 
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"molecular  motion  resulting  in  the  formation  of  steam,  ani  this 
in  turn  produces  a  definite  amount  of  mechanical  motion 
in  the  Steam-Engine,  which  if  applied  to  the  revolution  of  the 
coils  of  a  Magneto-electric  machine,  would  evolve  a  sufficient 
amount  of  electricitj  to  set  free,  by  means  of  carbon  points,  an 
amount  of  Heat  and  Light,  provided  nothing  were  lost  in  these 
repeated  transfers,  exactly  equivalent  to  the  Heat  and  Light  of 
the  original  sunbeams  whose  active  agency  enabled  the  leave  \ 
to  decompose  the  carbonic  acid  of  the  atmosphere.  It  wa-^, 
therefore,  not  without  reason  that  Mr.  Geo.  Stephenson,  thj 
inventor  of  the  Locomotive,  ascribed  the  power  that  drove  it  to 
the  light  of  ths  sun.  "  Can  you  tell  me,"  he  said  to  Dr.  Buck- 
land,  **  what  is  the  power  that  is  driving  that  train?"  " I  sup- 
pose it  is  one  of  your  big  engines."  **  What  do  you  say  to  the 
light  of  the  sun  ?  "  **  How  can  that  be  ?  "  ^  It  is  nothing  else ; 
it  is  light  bottled  up  in  the  earth  for  tens  of  thousands  of  years, — * 
light  absorbed  by  plants  and  vegetables  being  necessary  for  the 
condensation  of  carbon  during  the  process  of  their  growth — 
and  now  afler  being  buried  in  the  earth  for  long  ages  in  fields 
of  coal,  that  latent  light  is  again  brought  forth  and  liberated, 
made  to  work  as  in  that  locomotive  for  gi*eat  human  purposes." 
From  the  mutual  convertibility  of  these  three  Forces,  it  is 
evident  that,  when  any  one  of  them  disappears,  and  seems  to  be 
destroyed,  it  may  in  fact  only  be  undergoing  a  process  of  con- 
version into  one  of  the  other  two,  and  presently  re-appear  in  an- 
other ibrm.  The  motion  of  a  rapidly  moving  ball  seems  to  be 
annihilated  by  striking  against  the  target,  but  in  reality  it  is  only 
converted  into  another  force,  viz.,  that  of  heat,  as  is  proved  by 
the  rise  of  temperature  both  in  the  ball  and  target.  Force,  there- 
fore, disappears  in  one  form  to  re-appe^r  in  another.  And  not 
only  is  this  true,  but,  the  new  Forc^  thus  produced  by  de-volu- 
tion out  of  another,  is  exactly  equivalent  in  amount  to  that  of 
the  Force  which  has  disappeared. 

487.  Ia  every  emse  of  the  eonvertiliUity  of  the  Chemical 
Porcesy'tliore  is  an  eneuditiire  of  the  original  Force,  and  a  re- 
4nction  of  its  strenirtn  ezactiy  oqvivalent  to  that  of  the  new 
Force  produced,  into  which  it  has  been  chansred.  In  all  cases 
where  a  given  amount  of  force  is  in  action,  if  the  result  be  the 
pi*oduction  of  a  second  force,  the  original  force  is  reduced  in 

state  Mr.  Stepbenson^B  opinion  of  the  origin  of  the  power  drirlng  the  liOcomotiTe. 
What  becomes  of  the  original  Force  in  all  cases  of  apparent  disappearance? — 487-  Is 
there  any  proportkni  befeween  the  original  Fbree  and  the  new  one  into  which  it  is  ooa- 
ferted? 
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Strength  to  a  degree  exactly  proportioned  to  that  of  the  ne<^ 
force  called  into  being.  Thus  when  the  movement  of  a  defi- 
nite amount  of  galvanic  electricity  produces  a  development  of 
heat  in  a  conducting  wire,  the  amount  of  electricity  in  circula- 
tion is  diminished  to  a  degree  exactly  equal  to  the  amount  oif 
heat  brought  into  action.  When  the  rapid  motion  of  a  wheel 
results  in  producing  great  heat  in  the  axle,  there  is  a  retarda- 
tion in  the  motion  of  the  wheel,  exactly  equivalent  to  the  de- 
gree of  heat  excited  in  the  axle. 

This  is  very  beautifully  and  conclu»vely  proved  by  the  ex* 
periment  of  M.  Favre,  referred  to  in  §  SCO.  A  voltaic  bat- 
tery, and  an  electro-magnet  actuated  by  it,  were  placed  in 
two  adjacent  calorimeters  somewhat  similar  to  that  of  Lavoisier 
and  Laplace,  §  232,  and  the  heat  produced  in  a  given  time 
within  the  battery,  when  the  connection  with  the  electro-mag- 
pet  was  established,  ascertained :  the  electro-magnet  was  then 
made  to  raise  a  weight,  or  in  other  words  a  portion  of  the  pow- 
er of  the  battery  was  converted  into  motion,  and  the  amount  of 
heat  in  circulation  during  a  space  of  time  exactly  equal  to  the 
former  again  noted.  It  was  found  that  the  heat  within  the  batte- 
ry was  diminished  in  exact  proportion  to  the  amount  of  mechan- 
ical effect  exerted,  and  the  amount  of  heat  which  disappeared 

was  found  by  calca- 
Fig.  269.  lation  to  be  exactly 

equal  to  the  amount 
of  heat  which  thi» 
mechanical  power 
thus  produced,  was 
capable  of  evolving, 
according  to  Joule's 
Law,  §  254,  i.  e, a  de- 
finite amountof  Heat 
had  been  resolved  in- 
to a  definite  amount 
of  mechanical  mo- 
tion, exactly  equal  to 
the  mechanical  mo- 
tion required  for  the 
production  of  an 
equal  amount  of  heat,  the  process  being  reversed. 

.  Deficribe  M.  FaTre's  eKperiment  by  which  Uie  eqaiTmlMiM  U  Um  mw  Iocm  to  tte 
original  Force  is  proved.    What  was  the  result  ? 


Blbtion  Converted  into  Heat. 
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.  The  Mune  &ct  la  sHown  with  eqoal  conclusiveness  by  an  ex« 
periment  of  M,  Foucault ;  if  a  thin  circular  disc  of  copper  c,  Fig, 
26D,  be  mounted  oa  a  ahah  between  the  poles  of  a  powerful  elec- 
tro^maguet  in  the  equatorial  axis,  it  can  be  made  to  revolve 
with  great  rapidity  by  means  of  the  multiplying  wheel  m,  so  long 
(IS  there  is  no  connection  between  the  electro-magnet  aud  the 
battery,  and  this  movement  will  continue  for  some  time  after 
the  propelling  iovQJb  is  withdrawn,  from  the  momentum  it  has 
acqaii*ed.  If,  at  this  moment,  the  connection  with  the  battery 
be  established  io  that  the  electro-magnet  becomes  powerfully 
magnetized,  the  motion  of  the  disc  is  checked  by  the  dia-mag- 
netic  actio:!,  §  892,  exerted  upon  it,  and  by  the  secondary  electrical 
currents  §  447,  induced  within  it  by  the  action  of  the  electix>- 
magnet,  and  it  becomes  exceedingly  difficult  to  turn  it ;  at  the 
same  time  the  temperature  of  the  disc  instantly  rises ;  in  other 
words,  the  force  applied  to  the  wheel  remaining  the  same  a^ 
before,  and  not  being  able  to  expend  itself  in  the  production  of 
mo  lion,  is  converted  in  part  into  heat,  and  the  disc  at  once  becomes 
very  hot ;  in  one  experiment  the  temperature  ro^e  from  almost 
55°  F.  to  165°.  It  has  been  stated,  §  470*  p.  497,  that  when 
an  armature  carrying  a  coil  is  made  to  revolve  between  the 
poles  of  an  electro-magnet  it  becomes  much  more  ditiicult  to 
tui*n  it,  and  its  speed  is  greatly  reduced  the  instant  the  battery 
current  is  made  to  circulate  through  the  electro-magnet :  by  en- 
dosing  such  ao  armature  in  a  glass  tube  Med  with  water,  and 
causing  the  whole  to  revolve  between  the  poles  of  the  electro^ 
magnet,  Mr.  Joule  has  endeavored  to  estimate  the  amount  of 
beat  into  which  a  portion  of  the  mechanical  force  has  been  con- 
verted, by  the  rise  of  a  thermometer  placed  in  the  water. 

In  like  manner,  if  the  poles  of  a  (i^vanic  battery  be  joined 
by  a  thin  platinum  wire,  the  wire  will  be  ignited  and  a  certain 
amount  of  chemical  action  will  take  place  in  the  battery,  a  defi-> 
nite  quantity  of  zinc  being  dissolved,  and  of  Hydrogen  set  free 
in  a  given  time,  resulting  in  the  production  of  a  definite  amount 
of  electricity  circulating  through  the  Wire,  of  which  a  portion 
is  converted  into  heat  If  now,  the  platinum  wire  be  placed  m 
water,  its  conducting  power  will  be  increased  in  consequence  of 
the  dimtnutioB  of  resistance  by  the  reduction  of  temperature, 
a  larger  amount  of  the  electrical  force  will  be  converted  into 
heat  than  before,  and  the  chemical  action  on  the  generatmg 
plates  within  the  battery  will  be  found,  on  examination,  to  have 
been  correspondingly  augmented.     If  the  experiment  be  re- 

Dflncrlbe  M  Foucaolt's  experiment.    If  a  portion  of  the  power  of  the  battery  be  ex* 
vended  in  the  i^roduetion  of  H<^t  what  efbet  is  orodaoed  upon  its  chemical  power? 
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versed  and  the  wire  be  placed  in  the  flame  of  a  spirit  lamp,  by 
which  its  conducting  power  for  heat  is  diminished,  §  333,  the 
cliemical  action  is  correspondingly  reduced. 
'  These  instances  might  be  multiplied  indefinitely,  and  it  is 
now  a  generally  received  truth  that  when  one  Force  ii  convert- 
ed into  another,  the  strength  of  the  original  Force  is  propor- 
tionably  reduced,  and  that  the  strength  of  the  new  Force  is  ex- 
actly equivalent  to  the  diminution  in  the  strength  of  the  Force 
from  which  it  has  been  derived. 

488*  The  Convertibility  and  Bqnlvalency  of  Force,  tme  oT 
all  the  Forces  w;hich  act  on  flSatter.  Not  only  is  the  converti- 
bility and  equivalency  of  Force  true  of  the  Forces,  Heat, 
Light  and  Electricity,  but  al?o,  it  is  thought,  of  the  other  Forces 
wliii  h  act  on  Matter,  viz :  the  attraction  of  Gravitation  and  the 
attraction  of  Chemical  Affinity.  This  seems  to  be  pretty  con- 
clusively proved  in  the  case  of  Chemical  Affinity  fiom  the  in- 
stances cited  above,  in  which  the  amount  of  Chemical  Force 
in  action  in  the  battery  is  increased  or  diminished  in  proportion 
to  (he  increase  and  diminution  of  the  strength  of  the  Forces  to 
which  it  gives  rise.  But  the  convertibility  of  Gravity  into  new- 
Forces,  and  of  other  Forces  into  Gravity,  has  not  as  yet  been 
so  conclusively  shown.  This  is  a  step  which  yet  remains  to  be 
taken.  At  present  we  may  be  jus^tified,  perhaps,  in  regarding 
Gravity  and  Chemical  attraction,  i.  e.,the  Force  of  attraction 
which  masses  of  inert  matter  exert  reciprocally  upon  each  other, 
by  which  they  are  drawn  together;  and  the  Force  of  attraction 
which  the  atoms  of  different  elements  and  the  more  simple 
chemical  compounds  exert  upon  each  other,  by  which  they  are 
bound  together,  and  united  into  the  various  compound  substances 
which  we  see  around  us, — ^as  Primary  Forces  impressed  upon  all 
kinds  of  matter,  no  portion  being  exempt,  and  the  latter  made 
capable  of  modification  pnd  control,  from  the  action  of  the  See^ 
and  rif  Forces^ — Heat,  Light  and  Electricity,  which  have  just 
been  described. 

489.  The  Inaeitrnctibility  and  Coniervation  of  Force; 
the  Correlation  of  the  Forces.  It  results  as  a  consequence, 
from  this  principle,  that,  when  a  new  force  seems  to  be  devel- 
oped by  the  action  of  one  formerly  exi<=ting,  there  is  no  crea- 
tion of  Force  on  the  one  hand,  and  no  destruction  of  Force  on 
the  other,  but  merely  a  conversion  of  one  Force  into  another. 

488.  la  the  converdWHtr  and  equlTalency  of  Force  tme  of  aU  the  Forcee  ?  What  i» 
sail  in  regarl  to  th«*  attnustlon  of  rnTitatioo,  and  of  chemical  afflnitjr ?— Wtf.  What 
eoiue^uence  reaolta  from  this  principle? 
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Eorce  is  therefore  believed  to  be  as  indestructible  as  Matter. 
Bj  this  expression  it  is  not  meant  that  either  Force  or  Mutter 
are  absolutely  incapable  of  destruction,  but  simply  that  i:i  fact, 
neither  of  them  are  destroyed  in  the  various  transmuta lions  " 
wh'ch  they  undergo,  but  are  merely  clianged  from  onj  fjrm  to 
another.  The  sum  total  of  Force  in  the  U.iiverse,  as  well  as 
the  sum  total  of  Matter  always  remains  the  same,  but  both 
may  be  transmnti^d  from  one  form  into  many  others.  There 
is  never  any  fresh  creation  of  either. 

This  is  what  is  signified  by  tlie  Term,  now  very  generally  in- 
troduced into  Science,  the  Conservation  of  Force^  i.  e.,  no  Force 
is  ever  destroyed ;  and  the  convertibility  of  tho  various  kinds  of 
Force  into  each  other,  in  virtue  of  which  ihis  Conservation  of 
Force  U  maintained,  is  of  eu  designated  by  the  term,  Oo-relatton^ 
or  Correlation  of  the  Forces,  These  terms  were  first  intro- 
duced, and  the  truths  whiv-h  they  were  designed  to  express, 
were  first  advoca'ed  in  England  by  Mr.  Grove,  the  distin- 
guished inventor  of  the  Nitric  acid  Ba'.tery,  in  1842.  The 
same  general  doL'trine  of  the  mutual  relations  of  ihe  Forces, 
wds  put  forth  about  the  same  time  by  Mr.  Joule,  in  England, 
no:ed  for  his  determination  of  the  mechanical  equivalent  of 
Heat;  by  Mayer,  in  Germiny,  and  Gjldinor,  in  Denmark. 
The  idea  that  Heat  and  Motion  are  two  diflTerent  forms  of 
tha  same  Force,  and  mutually  convertlbb,  wa^  fii*at  advanced 
by  the  celebrated  MontgolHer  about  1800.  The  same  idea 
was  set  forth  independently  by  M.  Caruot,  in  1824,  and 
worked  out  more  elaborately  in  his  bouk  upon  "  T/ie  Motive 
Pitwer  of  Heat!*  Mr.  Grove  conceived  ihe  same  idea  at  a  some- 
what later  period,  independent  of  both  the  former,  and  was 
the  first  to  treat  the  subject  in  a  systematic  manner,  and  give 
it  a  scientific  form.  It  is  one  of  ihe  most  important  advances 
made  in  Physical  Philo  ophy  in  the  present  century,  and  is  the 
line  upon  which  research  is  now  rapidly  pi-ogressin;?-  Tne  n»o-t 
ini|)ortant  works  upon  tlie  subject  are,  Grove,  on  the  *''' Correla- 
tion of  the  P.'iysical  Forces^*  and  Tyndall,  on  ''''Heat  Consiaered 
as  a  Mode  of  Motion'* 

490.  Be^t  and  XUeetricity  the  chief  Asrents  used  Vy  the 
Chemist,  in  hia  investigations.  The  Ztamp  and  the  Oatvanic 
Battery  hij  chief  Instruments*  0\  the  three  Chemical  Forces, 
Heut  and  Electricity  are  the  most  important  to  (he  chem- 
ist in  cariying   on    his   researches   into   the   composition  of 

Whfttismmnt  by  the  terms  Indestructibility  and  Conmrmtion  of  Force?    Ho^li' 
this  Conaenrntion  niRintaini*<l  ?    Wh«t  U  meant  by  the  term  Correlation  of  the  Focooftt 
Wiio  introduced  these  (emu  ?    Give  the  hiatory  of  the  progreM  of  Uuae  idea*. 
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Matter,  and  in  making  the  modifications  which  he  desires.  In 
the  attraction  of  Ciiemical  Affi.iitj.  While  Light  is  extensively 
employed  by  Nature  in  carrying  on  some  of  her  most  remark- 
able chemical  transmntations  especially  in  the  deH>xida'!on  of 
Carbonic  acid  by  the  leaves  of  Plants,  and  generally  in  the 
chemistry  of  the  vegetable  kingdom,  by  the  Chemist  Light  is 
hardly  used  in  any  process  except  that  of  taking  Photographic 
pictures,  and  occasionally  for  effecting  a  few  remarkable  com- 
binations, such  as  that  of  Chlorine  and  Hydrogen  for  the  pro- 
duction of  Chloro-Hydric  acid. 

The  chief  instruments  which  the  chemist  employs  for  the  de- 
relopment  and  application  of  his  two  Principal  Forces,  are,  for 
Heat,  the  Lamp,  the  Wind  Furnace,  the  Gas-jet,  the  Oxy-Hy- 
drogen  Blow-pipe,  the  common  Blow  pipe, — all  depending  upon 
the  process  of  Combustion, — and  the  carbon  points  of  the  Bat- 
tery:— for  Electricity,  the  Galvanic  Battery,  tlie  Magneto-elec- 
tric machine,  the  Thermo-electric  Battery,  and  Ruhmkorff's  coil. 
He  also  employs  the  carbon  points  of  the  battery,  and  the 
terminals  of  Ruhmkorff's  coil,  for  the  production  of  the  most 
intense  heat  known  to  man,  in  his  researches  into  the  composi- 
tion of  matter  by  Spectrum  analysis.  The  Lamp  and  the  Fur- 
nace were  known  to  I  he  Alchemists ;  all  the  others,  from  the 
Galvanic  battery  down,  have  been  the  fruit  of  the  scientific  and 
inventive  genius  of  the  present  century. 

491-  The  Conclnsioii  of  the  Chemical  Forces.  Thus  we 
have  biiefly  considered  the  nature  and  principal  properties  of  the 
thi*ee  active  Agents  or  Forces,  by  which  the  attraction  of 
Chemical  Affinity  is  controlled  and  modified,  and  described  the 
most  important  instruments  employed  in  their  application.  We 
are  now  prepared  to  make  this  application  and  to  enter  upon 
the  examination  of  the  chemical  character  of  the  elements  of 
which  tlie  various  kinds  of  matter  are  composed,  and  the  nature 
and  laws  of  the  Force  of  Affinity  by  which  they  are  bound 
together.  This  oonstitues  the  subject  matter  of  Chemistry 
proper,  and  will  be  reserved  for  a  snbsrqu(  nt  volume  devoted 
to  the  consideration  qF  the  ch^^miial  profiert^es  and  relations 
of  the  various  k"n^ls  of  Matter,  Ino:ganic  and  Organic,  of  which 
the  Universe  con-i  ts. 


49 ».  Wh»t  are  the  chief  Aftpntv  u«k1  by  the  Cheml-t?  What  ntm  docs  he  make  of 
LifCht?  What  uw  In  ina4l«  of  Light  in  Natuve?  What  are  the  rbkf  itMtniiuent«  em- 
ploved  hy  the  Cheiniat  for  heat  ?  Ibr  Hectricltr  ?  Which  of  them  were  ki  own  to  the 
Alcheiui«te?--iPl.    WJ)«a  wwv  Ut»  oti»era  introaaeed  ?    State  tbe  ooodiuiuD  <*r  th* 
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.Kagoeto^Elootrlcity. 

1.  The  Battery.  A  battery  of  12  elwoenta  of  Orote  or  6  of  Bmiira,  will  be  large 
enoogb  to  exblbil  nearly  all  the  effects  of  Oalvanlo  £IeotrlcUy.  The  slno  platee  should 
be  well  amalgamated  bj  dipping  them  flrst  In  dilute  ehloro-l^drio  add)  until  they  are 
thoroughly  deanfled,  and  then  into  a  eup  of  merourv, 

fl.  The  eharge  fbr  Ibis  battery  is  1  raearam  of  sulphurle  add  to  6  or  8  of  water,  mixed, 
tod  allowed  to  ood.  In  ease  any  of  the  dnos  elferreeoe  hi  the  add,  ther  must  be  taken 
out  and  dipped  an^w  in  the  mereury.  The  porooi  elay  eupe  should  be  filled  with  the 
■trongest  Nitric  add  whieb  can  be  prooivred. 

3.  Bi-Ohromate  of  Potash  in  idntionf  to  ofWti  used  In  plaoe  of  Nltrlo  add  in 
Grore's  and  Bunsen's  batteries,  for  the  purpoee  of  escaping  the  nitrous  add  funieis 
Irhich  are  erolTed  in  large  ^uaatitv  when  Nitfle  add  to  deoonposed^  Four  parts  of  Bi- 
chromate of  Potash  are  dlssdred  In  eighteen  parte  of  water,  and  mixed  with  four  p«rte 
Of  Snlphorfe  add.  The  Hydrogen  whieh  penetratee  into  the  porous  cnp«  unites  with  a 
pwt  of  the  Oxygen  of  the  Chromic  add.  and  reduces  It  to  the  state  of  Oxide  of  Chro- 
mium, which  remains  dissdved  in  the  nltrlo  add ;  the  strength  of  the  battery  bowerer 
to  much  less  than  when  Nitric  add  to  employed,  owing  to  the  Increased  resistance. 

4i  The  Connections.  The  poles  may  be  eonneoted  by  means  <^  copper  wires,  well  an^ 
tte»Ied.  BO  as  to  be  readily  twisted  and  bent.  The  ends  pf  these  wires  should  be  bright- 
ened with  a  Ale,  or  amalgamated  by  add  and  mereury.  The  tips  of  the  srrews  connect- 
ing them  with  the  batt^,  should  also  be  brightened  with  a  file.  This  is  a  precaution 
of  gre%t  Importance,  as  the  full  power  of  a  battery  can  not  be  brought  out  If  the  connec- 
tions be  oxidated.  The  battery  should,  if  poedble,  be  so  oonstmeted  as  to  admit  of  tha 
tino  plates  being  all  connected  together  by  binding  eups,  so  aa  to  form  pne  sine  plate, 
and  the  platinum  pUtes  so  as  to  form  one  platinum  plate,  as  in  Fig.  138 ;  or,  of  odng 
arrAugad  alternately,  as  In  Fig.  157.  The  former  arrangement  should  be  adopted  for  ex- 
periments upon  the  heating  and  magnetto  elfoctB  of  the  battery,  and  the  latter  for  experi* 
bents  upon  ice  chemical  e^t. 

6.  Position.  The  battery  must  be  placed  in  a  draught  ot  air,  so  that  the  noxloua 
ttitrous  add  fumes  may  not  be  permitted  to  escape  into  ^e  room. 

6.  Tha  B  ilplkate  of  Oopper  Battery*  The  charge  for  tbto  battery  to  a  solo* 
Hon  of  the  Sulphite  of  Oopper  in  water ;  a  saturated  solution  of  thto  salt  must  first  be 
made,  and  to  this  added  an  equal  qnantlhr  of  water.  A  pint  of  water  at  the  ordinary 
temperature  is  capable  of  dlsMlTlng  one-fourth  of  a  oound  ot  the  salt,  so  that  the  half- 
•aturited  solution  will  contAin  about  two  ounces  of  the  salt  to  the  pint.  The  coadng 
Of  oxide  of  oopper  which  Is  formed  upon  the  due  plate,  should  always  be  remored  immi?- 
diately  after  nxing,  by  mesne  of  the  card  brush  and  plenty  of  water :  if  this  to  neglected 
the  dno  becomes  covered  with  a  hard  coating  which  ran  only  be  removed  by  scraping 
or  filing.    The  deposit  of  copper  must  also  be  removed  firom  time  to  time.    The  sine 

Rlato  must  always  be  taken  out  of  the  sdution  when  the  battery  to  not  in  action,  but 
le  solution  Itself  may  remtin  In  the  oopper  cylinder,  as  it  has  no  chemical  action  upon 
It,  but  tends  to  keep  its  surface  in  good  condition.  When  the  solution  in  exhaust<Kl,  it 
to  best  not  to  attempt  to  renew  Ite  power  by  adding  a  fresh  quantity  of  the  salt ;  it 
ihoold  be  thrown  away,  and  a  new  ttolutlon  prepared. 

7.  Oaalell'a  Battery.    The  charge  for  thto  battery  to  a  saturated  solution  of  8ul. 

?>*i\te  of  Oopper  addulated  with  aa  eighth  of  Ite  bulk  of  Snlphnrlc  Add,  and  placed  in 
he  outer  eup :  the  solution  to  kept  saturated  by  crystals  of  the  same  salt  ptoced  In  the 
colander  o,  Fig.  151,  The  Inner  porous  cup  to  charged  with  a  mixture  of  one  meosura 
of  dulphurlo  Add,  and  seren  measures  of  water. 

A  J!;  2lSJ«!.Slt!i*I2I:4J'*'?u*'^I!?'  ^  *****  battery  b  one  measure  of  Sulphnria 

^«  n^iSn^SSnTi? ^^  \^  rtrength  of  the  chargi  may  be  Increased  by  thJ  addW 

e    4.1«*^«  JL  4l*Ji  "^*  the  proportion  to  ««ched^  o«e  of  Add  to  four  of  Water. 

0««m  •nd  wJSJIifTlI  «t  Z***  "f*^*  *'***'^  *^'  Qv^yt^n  IMS  battery,  Fig.  144.  is 

tuhS  andXd.U.^n  ir»r*'l**''''*T  "*^  ^  employed.  Chlorine  mtir  he  placed  in  one 
th«  l»?Jm?/n  ^H  *?•  ***i*''  .*"^  «>n««^t^  bv  addnHted  Wnter :  the  Chlorine  sttrarte 
0^/«,n  wSlIIiiE.^'\^'"^^  «•'*"  ^  *»»•  Chlorine  tnhe.  and  the 

Si«  ^thll^^fj!  ?.I?r^i"  **"•  *:i^'  •"!  ^i?W»  contnlnlne  a  piece  of  Pho-phoruii  in 

Zthlr  tni  i  iLT****?  ***•  £ll'*^  ^^^^  to  pet  free  anltM  with  the  OxT,mn  Sf  the 
JlnSu^Il^  ^  ^^\  ^^  W  pairs  a  deddedlv  painfull  «hock  ran  be  rfren  to  a 
•Hgia  persoo:  tb^  oeedto  of  a  galyaoometer  win  be  powerfhlly  affected;  a  brilUant 
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spftTk  prqjeetod  between  carbon  pointe :  Iodide  of  Potaflriam  and  addnlated  water  maw' 
)>6  decomposed,  and  gas  enough  set  free  im  the  last  case  to  be  collected  and  detoaftte«L 
Ttrenty-flix  pidts  were  Iband  to  be  the  smidket  number  that  would  decompope  wai- 
ter, but  four  paiia  will  decompose  Iodide  of  Potassium.  A  gold  leaf  electroscope  will  b« 
sensibly  affected. 

10.  That  chemical  action  is  the  source  of  the  electrical  current,  maybe  shown  by  dip- 
p'ng  an  unamalgamated  ainc  plate  into  a  mixture  of  sulphuric  acid  and  water ;  bcblrtea 
of  hydrogen  will  be  formed  on  its  surlkce,  and  rise  through  the  water ;  the  dnc  wiU  a^ 
the  same  Ume  be  oxidated.  Introduce  a  copper  plate,  and  establish  a  metallic  conncc* 
tion  between  it  and  the  rinc ;  the  bubbles  will  then  cease  to  be  discharged  upon  tiM 
sine,  and  will  form  upon  the  copper.  If  the  plates  be  large,  the  wires  coni  ectcd  with 
them  will,  when  brought  near  each  other,  emit  a  sparic,  grow  perceptibly  warm  to  tha 
iouch,  ana  deflect  the  magnetic  needle.  The  source  of  tibe  electncal  current  is  CTidently 
the  decompodtion  of  the  water  by  the  sino.  If  several  pairs  of  such  plates  be  united, 
the  copper  of  one  being  attached  to  the  xlnc  of  the  next,  a  powerful  ImtJUarj  may  eaaily 
be  constructed. 

1 1.  If  the  sine  be  well  amalgamated  no  effect  will  be  produced  when  it  is  dhpped  Into 
the  acidulated  water,  and  no  bubbles  of  hydrogen  will  be  formed  upon  its  surnre ;  but 
the  instant  a  connection  with  the  conducting  plate  is  fonned,  by  means  of  a  wire,  bab- 
bles of  hydrogen  will  be  abundantly  discharged  upon  the  copper,  as  before. 

'  12.  Heatiikir  Effects.  Wind  a  fine  copper  opnnecting  wire  sereral  times  around 
the  bulb  of  an  air  thermometer,  JPV^.  45,  and  the  liquid  will  rise  rapidly  in  the  scenu 
Touch  the  wire,  and  it  will  be  found  to  be  very  hot. 

1 3.  Dip  the  two  poles  into  water,  or  cause  the  current  lo  circulate  through  a  cdl  ct  fine 
copper  wire,  placed  in  a  Teasel  of  water  ot  mercury,  and  the  tonperature  of  the  liquid 
will  be  found  to  rise  rapidly. 

14.  Stretch  a  fine  platinum  wire,  three  or  four  yards  in  length,  between  two  fixed 
points,  and  transmit  the  Toltaio  current,  it  will  become  first  red,  and  then  whi:e  hot ;  if 
the  wire  be  shortened,  the  <^ect  will  increase,  until  finally  it  will  melt  and  drop  in  glob- 
ules. 

15.  Try  the  same  experiment  with  fine  steel,  iron  and  copper  wire. 

16.  Construct  a  chain  of  alternate  links  of  gilver  and  platinum  wire,  and  transmit  the 
current ;  the  platinum  links  will  glow  brightly,  while  the  sUTer  will  remain  entirely  ob- 
•cure. 

17.  Ignite  a  portton  of  a  platinum  wire,  which  has  been  made  red  hot  by  tba 
passage  of  the  current,  in  the  flame  of  a  spirit  lamp,  and  the  bri^tness  of  the  wire  mil! 
sensibly  decline,  showing  the  diminution  of  the  current  produced  by  the  ignition  of  the 
metal  at  one  point,  and  the  consequent  increaced  resistance. 

18.  If  a  loop  of  the  same  wire  be  cooled  by  immemion  in  water,  the  opposite  effect 
Ss  produced,  in  consequence  of  the  diminution  of  reebstauce  by  the  redui^ion  of  tempe- 
rature, thus  enabling  a  larger  quantity  of  electricity  to  troTerse  the  wire,  and  the  me- 
tal will  thus  be  raised  to  a  white  heat,  almost  approarhing  the  point  of  (Udon. 

19.  The  burning  of  the  different  metallic  foils  may  be  effected  by  attaching  a  polished 
metallic  plate,  about  8j  inches  broad,  by  12  inches  long,  to  the  poidUTe  wire,  and  Inrlin- 
Ing  the  plate  upon  any  convenient  support,  at  an  angle  of  46°  ;  then  attach  the  metalUe 
foil  to  be  burned  to  the  negative  wire,  and  bring  it  into  contact  with  the  plate,  taking 
care  to  change  its  positfon  continually,  so  as  to  make  it  touch  fresh  rariacee ;  drfle- 
gration  will  immediately  take  place ;  gold  leaf  will  bum  with  a  bluish  white  light, 
crumbling  Into  a  dark  brown  oxide ;  sUver.  with  greenish  light ;  copper,  a  bluish  white; 
lead,  purple ;  sine,  a  brilliant  white,  inclining  to  blue,  and  fMnged  with  red. 

20.  Pour  mercury  Into  a  small  glass  or  iron  cup,  and  connect  with  the  negative  pole 
of  the  battery,  then  fill  the  cup  with  coppw.  silver,  or  gold  leaf,  and  touch  the  foil  with 
a  platinum  wire  attached  to  the  positive  pole ;  the  foil  will  bum  rapidly.    ^^        ^      ^ 

21.  Attach  a  steel  watch  spring  to  the  pa^tive  wire,  and  apply  it  to  the  turfiue  of 
mercury  connected  with  the  negattve  pole,  as  in  the  last «« j.  ^^ J*^*;  "T^  "^H?  fl^ 
forth  a  shower  of  sparks:  try  the  point  of  a  file,  an  iron  nail,  fine  iron  wire,  sine,  tin, 
le«d,  copper,  in  Hke  manner.  x,      _*      -  ^  v-i«»  .i^«.  ««««  h 

22.  Attach  a  broad  piece  of  chareoal  to  the  n^W^W^^J^**  J"*  .|>'J«^^^  «J«»  » 
wirps  of  diflferent  metals,  attached  to  the  positive  pole ;  they  will  all  bum  in  like  man- 

"*fli*3.  Att«ch  rilver  Imf  to  the  negative  pole  under  alcohol,  and  apply  the  positive  pole; 
Inflammation  of  the  silver  wlU  take  place.  *„«««««.  «««th. 

24.  Try  the  effect  of  the  two  poles  upon  ether,  alcohol,  spirits  of  tnrpentlDe,  neptba, 

25.  mnmliuktinff  Efflpota.  Attach  a  piece  of  gas-carbon,  filed  down  eareftilly 
♦o  a  fine  point,  totseeh  wire  of  the  battery,  by  means  of  fine  copper  wire  tightly  bound- 
If  the  puMsarbon  can  not  be  proeured,  take  pieces  of  box-wood,  or  llfpiura-vltBe,  cove? 
4hMn  with  sand.  In  a  crucible,  and  expose  them  to  an  Intense  ftimace  h«et  for  •«»>«»[, 
then  cool  suddenly  by  taming  out  upon  an  iron  plate,  or  by  plunging  them,  while  re<i- 
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Jiot,  into  mflfOUTjf  or  into  water ;  bring  the  pcrfnto  naar  ewAi  otheTf  and  an  intensely 
brilliant  flash  will  be  produced ;  draw  tb(>m  slowlr  1  lUth  of  an  Ineh  aput,  and  a  spleh^ 
did  arc  of  flame  will  be  Sncmed.  The  efliect  will  be  increuaed  if  the  positive  po;e  be  up» 
permost,  aa  in  Fig.  169. 

2  B,  Ferfbrm  the  same  experiment  under  water ;  the  light  will  still  be  produced,  bttt 
with  diminished  splendor,  and  at  the  same  time  the  water  will  be  rapidly  decomposed. 

S  7.  Perform  the  same  experimeut  in  an  exhausted  recefrer.  Fig.  161 :  an  equality 
brilliant  effect  will  follow,  and  the  points  may  be  separated  to  a  greater  diritanee. 

2  8*  Apply  a  powerful  magnet  to  the  flame,  and  it  wUi  be  repelled,  assuming  an  equa- 
torial position :  by  holding  the  magnet  in  a  certain  position  the  flame  mav  Im  made  to 
raTolTe  aooompanled  at  the  same  time  by  a  loud  sound.  Figs.  268.  264.  256,  266. 

29a  Obserre  that  the  poMtive  pole  wears  away,  while  the  negative  increasus  in  length. 

30.  With  Duboseq's  electric  lamp.  Fig.  160,  the  image  of  tue  points  may  be  thrown 
iiXK>n  a  screen,  and  the  procen  of  transport  vexy  plainly  seen. 

31.  If  the  carbon  poles  be  arranged  vertically,  as  in  F'g.  168,  and  the  n^aiive  point 
be  replaced  by  a  carbon  cup,  on  which  small  bits  of  the  diOereut  metals  are  placed,  tuey 
will  burn  with  great  brilUanoy,  and  the  emission  of  th^  charaeteri)«tio  colors. 

32.  If  the  negative  carbon  cup  be  filled  with  mercury,  and  a  piece  of  mcdstened  pot- 
ash be  placed  upon  it,  the  potash  will  be  deoompoeed,  and  the  metal  potassium  set  free, 
forming  an  amalgam  with  the  mercury,  from  which  it  may  be  obtained  by  distilbtion. 

33.  If  mercury  be  placed  in  a  small  iron  cup  connected  with  the  positive  po  e  of  the 
battery,  and  be  allowed  to  trickle  in  a  very  fine  stream,  through  a  miaute  aperture  into 
a  lower  iron  vessel  connected  with  the  negative  pole,  at  the  moment  of  ccmtact  between 
the  globules  <^mercnxy  fiUling  from  the  upper  cistern  and  the  lower  cup,  the  mervuiy  is 
heated  to  a  white  lieJkt,  and  pcoduoes  a  dasaling  white  light.  This  is  a  splendid  experi- 
ment. 

34i  Ob«m\o«l  Effaots.  Decomposition  of  Water.  The  poles,  in  this  case,  should 
be  mode  of  platinum,  and  inserted  firom  below  into  Inverted  glass  tubes,  closed  at  the  up- 
per end  Fig.  163.  The  water  should  be  addulated  with  sulphuric  acld,~l  part  of  acid  to 
16  pirt4  of  water,— in  order  to  increase  its  conducting  po.ver.  The  hvdrogen  will  collect  In 
the  negitlve  tube,  the  oxrgen  in  the  positive  tube ;  the  former  in  double  the  quanti^'  of 
the  latter.  This  experiment  m\y  be  performed  with  the  U  tube.  Fig.  164,  which 
must  be  filled  with  acidulated  water;  the  poles  must  be  thrust  £ir  down  Into  the  tub«4, 
•o  as  nearly  to  touch,  pissing  through  corks  at  t:ieir  mouths :  a  bent  glass  tube  may  be 
used  to  convey  the  gu  from  the  oxygen  end ;  and  the  hydrogen  may  be  burned  as  it  is 
formed,  from  the  extremiry  of  another  gbss  tube,  drawn  down  to  a  very  fine  bore  This 
makes  a  very  beautiful  experiment. 

3  }.  Pass  the  galvanic  current,  in  an  apparatus  similar  to  the  last,  through  ch^oro-hy- 
dric  acid.  Hydro^n  will  be  di'<charged  in  the  neg  ttive  tube,  and  may  be  burned  from 
a  fine  orifice;  chlorine  will  be  dUchirgeJ  in  t^o  positive  tube,  and  may  be  recognixed  by 
its  oior,  and  ito  bleaching  effect  upon  solntion  o(  sulphate  of  indigo,  ^riiea  poured  into 
the  tube ;  alw,  by  its  green  color. 

39.  Repeat  the  same  experiment,  substituting  tincture  of  litmus,  of  violets,  or  purple 
cabbtge,  for  the  indigo;  ttietr  will  atfirjt  bo  turnel  m>l  by  the  ncid.  and  then  will  be 
quickly  blmched  as  the  chlorine  is  aisengaged.  Is'or  the  preparation  of  tinctuie  of  pur> 
pie  cabbage,  see  Expt  16.  p.  77. 

37.  Pass  the  current  through  a  stroni;  solution  of  common  salt — chloride  of  mdlum, 
colored  blue  in  both  tubes  by  tin(>ture  of  cabbage ;  chlorine  will  be  discbnrged  in  the 
positive  tube,  and  almost  immedi%rely  destroy  the  blue  ro'or.  and  sodium  will  be  set  free 
in  the  negative  tube ;  this  will  be  at  once  converted  into  soda  by  decomposing  the  water, 
and  change  the  blue  color  to  a  bright  green. 

33.  Pass  the  current  through  aqua  nmmonia,  in  a  sbnilar  apparatus.  Hydrogen  will 
be  discharged  in  the  n^;ntive  tube,  and  may  I  e  ret  on  fire,  as  in  Expt.  £4,  and  nitro^n 
will  be  set  free  in  the  positive  tub«*,  as  may  be  shown  by  its  extirgniFh'nga  lighted  taper. 

39.  Pass  the  current  through  ni  ric  acid,  in  a  similar  tube.  Oxygen  will  be  discharged 
in  the  po^tive  tube,  as  may  be  shown  by  its  elleet  on  a  lighted  taper,  and  red  nitrous 
acid  fumes  in  the  negmtive  tulte  If  a  candle,  having  ita  wirk  glowing  red-hot,  but  not 
lighted,  be  introduced  into  the  oxygen  tube,  it  will  te  re-Hghted  :  aho  paper. 

40.  Pass  tho  current  through  a  strong  solution  of  iodide  of  potassium :  into  the  posi- 
tive tube  introduce  a  few  drops  of  solution  of  xtarch,  and  into  the  negative  ponie  tirrture 
of  cabbAge ;  iodine  will  be  set  free  at  the  positive  pole,  and  its  prenenre  shown  bv  tinging 
the  starch  a  deep  blue,  and  potassium  set  free  at  the  negative  pole,  which  will  nt  once 
be  converted  into  potash  by  abstracting  oxygen  fnnn  the  water,  and  its  presence  indica- 
ted by  turning  the  vegeteble  blue  to  g^een. 

41.  Pass  the  current  dirough  a  solution  of  sulphate  of  soda,  in  the  U  tube,  tinged  by 
tincture  of  cabbage ;  the  salt  wil  be  decomposed  into  sulph\iric  acid  and  foda ;  the  arid 
appearing  at  the  positive  pole,  and  turning  the  blue  to  red,  and  the  soda  at  the  negnHve 
pole,  changing  the  blue  to  green ;  if  the  platinum  wires  be  removed,  and  the  contents 
of  the  two  branches  of  the  tube  shaken  t<  gether.  the  acid  and  the  soda  will  again  nnite^ 
fhe  red  will  uautraliM  the  green,  and  the  blue  color  will  be  iMtored. 
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■     49.  PKMCheomTCBtfhTOagfaaioliitionofidtrateorpolkiAi,  eolmmd%ta^ 
tore  of  oablMg* ;  nhxio  acid  will  tw  set  free  at  tbe  posidTe  pole,  thown  by  tbe  red  ooioc^ 
And  poUah  at  the  negatfre  pole,  thown  by  Uie  chaage  of  blue  to  green. 

43.  Pass  tbe  cuirebt  through  a  solution  of  chloro  hydrate  of  ammottia  (ral  amzn^- 
niac  )  in  the  U  tube,  colored  bine  by  tinctore  of  eabboge ;  chlorine  will  be  set  ft«e  at 
the  positive  po'e,  discharging  tbe  bine  color  altogether,  and  ammonia  at  tbe  uegatiTe  poJ^ 
-  chaogiDg  tbe  blue  to  green. 

4«.  Paso  the  current  through  a  solution  of  earimnato  of  potasb,  colored  blue  by  ttne- 
tnre  of  cabbage ;  carbonic  acid  will  be  discliarged  at  the  poniire  pole,  with  Hfirrre^ccDce, 
•lightly  reddening  the  blue  tincture,  and  potash  at  the  negative  pole,  turning  tbe  btiie  to 
a  deep  green. 

«i>.  Ify  the  same  experiment  with  a  solution  of  carbonate  of  soda:  carbonte  add 
will  be  set  free  at  the  podttre  pole,  and  soda  at  tbe  negatrve. 

«6.  Try  Che  same  experiment  with  solution  of  nidnate  of  Ume;  idtrfo  add  wQ  appear 
at  the  positive  pole,  and  lime  at  th«  n^ative. 

47.  Kepeat  the  same  experiment  with  the  sohition  <3/t  acetate  of  lead :  aretio  sdd  wt!t 
be  set  free  at  the  positive  pole,  reddening  %  vegetable  bhie,  and  pure  lead  ai  the  ncgatlTa 
pole. 

48.  Repeat  tbe  same  experiment  with  the  solution  of  nitrate  of  silver ;  nitric  add  will 
be  set  free  at  the  positive  pole,  and  metallic  silver  at  tbe  negative. ' 

49.  Repeat  the  same  experiment  with  tbe  solution  <^  cUorobydrate  of  tin ;  the  add 
will  be  set  free  at  the  positive  pole,  and  tin  deposited  at  tbe  negativi  pole. 

ftO.  Repeat  the  same  experiment  with  the  solution  of  nitrate  ol  merouty ;  the  add 
will  be  set  free  at  the  positive  pole,  and  the  merrury  at  tbe  negative. 

61.  Pass  the  current  through  a  solution  <^  chloride  of  caldum,  eoiored  bhie  by  tlao- 
ture  of  cabbage ;  chlorine  will  be  set  free  at  tbe  positive  pole,  and  discharge  tbe  bire 
color,  while  caldum  will  be  set  free  at  the  negative,  which  will  be  at  once  converted  into 
oxide  of  caldum  or  lime,  and  change  tbe  vegetable  blue  to  gre«>n. 

68.  Kepeat  the  same  exper  ment  with  chkn^de  of  caldum,  colored  by  the  Moo  stdn- 
tion  of  litmus ;  tbe  color  will  be  removed  in  the  positive  tube,  but  no  dumge  produced 
upon  it  in  the  negative. 

63.  Kepeat  the  same  experiment  wHh  chloride  of  calrhim.  colored  bine  by  ralphaCe 
of  indigo:  the  color  wiU  be  discharged  In  the  postttve'tube,  out  remain  nnchanged  in 
the  negative. 

64.  Repeat  the  same  espcfrhnent  with  chloilde  of  caldinn.  colored  by  Mack  Ink ;  tbo 
black  will  be  discharged  la  tbe  positive  tube,  but  remain  unchanged  In  the  negative. 

66.  Pass  the  current  through  a  strong  solution  tit  corrosive  sublimate  (chknide  of 
mercury  )  having  a  little  bine  tincture  of  cabbage  in  tbe  positive  tube;  chknlne  win  be 
set  free  at  tbe  positive  pole,  discharging  the  blue  color,  and  merrury  at  the  negative 
pole,  which  should  be  made  of  gold  ibil ;  this  will  be  at  once  whitened  by  the  deposit  of 
the  mercury ;  a  small  gold  coin  will  answer  very  well  for  the  negativo  pole. 

66.  Pass  the  current  throrgh  a  rolution  of  sulphate  of  copper;  sulphuric  add  wilt 
be  fet  free  at  the  pofitive  pole,  and  copper  deposited  at  tiie  negative  pole:  sone^mea 
the  oxide  of  copper  is  deposited  instead  of  the  pure  metal ;  but  If  tbe  solution  be  of 
ntoderate  strevigtb,  the  ta\drctgen  which  \9  set  free  at  the  same  pole  will  decon^pore  the 
oxide,  and  set  free  metallic  copper.  This  is  a  case  of  secondary  decomposition  (••• 
%  871  )  and  illustrates  the  art  of  elcctrotyplng. 

67.  To  deroropope  potash,  pour  a  strong  solution  of  caustic  potash,  whkh  has  been 
carefully  protected  from  the  air.  upon  the  surfiico  of  mercunr  in  a  nnaU  iron  cup ;  coa- 
nect  this  cup  with  the  negative  pole  of  the  battery,  then  apply  to  the  snrftce  of  the  sohi- 
tion  a  platinum  wire  connected  with  the  positive  pole ;  oxygen  gas  will  be  set  free  at  Oie 
positive  polo,  and  metallic  potassium  at  the  negative  pole,  wliich  will  immediately  fonn  an 
amalgam  with  the  mercury,  giving  H  a  puliy  appearance.  Tbe  potassium  may  be  ex- 
tract4Hi  from  the  mercury,  and  obtained  in  a  pure  state,  by  distniatlon  in  an  atmoepbcn 
^  nitrogen. 

69.  Place  a  piece  of  solid  caustic  potash,  sHgbtly  moistened,  upon  a  flat  ]riece  of  gaa^ 
carbon,  hollowed  Into  a  cup,  and  attached  to  the  negative  pole  of  the  battery  In  the  In- 
strument represented  in  Fig.  160,  or  in  Duboscq^s  electric  lamp,  Fig  160,  and  tbcn 
bring  down  upon  it  a  piece  of  platinum  wire,  or  gas  carbon,  attached  to  the  positive  pok : 
ox^  g<pn  will  be  set  free  upon  tbe  wire,  and  the  metal  potassium  in  the  carbon  enp , 
burning,  ns  It  forms,  with  a  beautiful  red  flame. 

69  Another  mode  of  performing  the  same  expedment,  la  to  otcavate  a  anaH  cavity 
in  a  piece  of  caustic  potash,  introduce  Into  it  a  globule  of  mercury,  and  place  U^ 
potnKh  upon  a  plate  of  platinum;  the  positive  pole  is  then  to  be  connected  with  tbe 
platinum  plate,  and  the  negative  with  the  mercury ;  the  potash  Is  slowly  decomposed, 
ox^  gen  Fot  free  at  the  positive  pole,  and  potassium  at  the  negative,  which,  as  t^  ai 
formed  amalgamates  with  the  merourv  ;  It  mi^  be  obtained  in  a  pure  state  by  dlstilla* 
tioo  in  nitrogen,  as  described  in  experiment  67. 
.    Mk  The  dMCompoaitlon  of  sodfti  and  tbe  Ibnnatlon  of  metaJUo  fodiuni,  m«y  be  aocon- 
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plUbed  tiy  0Ql4fleCltis  *  plec«  of  cailstle  fOdSf  tllghOy  HOtotenedf  to  tha  fame  tmituent  $ 
oxygen  will  be  setflree  at  the  poeitiTe  pole,  and  metallle  sodhim  ai  the  negatiTe  pole, 
whleh  maj  be  obtained,  by  distillation,  Arom  the  mercury.  If  the  experiment  be  per- 
formed with  charcoal  polee,  the  aodinm,  as  it  bums,  wlU  emit  a  yellowish  light,  and  may 
thus  be  difiUnguiahed  fVom  potaseiom. 

•  1.  If  soote  of  the  potassiiim  or  sodium  amalgam,  ebtained  in  these  experiments,  be 
thrown  into  water,  the  potassium  and  sodium  wiU  qnit  the  mercurr,  and  decompose  the 
water,  on  aceoant  of  their  strong  afflnily  Ibr  oxygen,  uniting  with  it  to  farm  potash  and 
■oda,  and  setting  frse  the  hydrogen,  which  will  at  onee  take  fire  and  bum,  with  red  flame 
Ibr  the  potassium,  and  yellow  for  the  sodium. 

63.  Uepeat  experiment  67,  substituting  Ibr  the  solution  of  potidi,  a  strong  iolutjon 
of  chloro-hydrate  cMf  ammonia  (sal  ammoniac) ;  tiie  mercury  will  gresUy  increase  in 
bnllE,  and  an  amalgam  be  formed  with  the  so^ialied  metal  ammonium  at  the  n^ative  poli>, 
while  oxygen  will  be  set  free  a*  the  posltire  pole.  This  metal  anunonlum  is  supposed  to 
be  a  compound  of  hydrogen  and  ammonia,  and  to  have  for  its  symbol,  N  U^.  This 
experiment  may  be  Taried  by  plaothg  a  piece  tX  solid  sal-ammoniac  upon  a  platinuui 
plate,  and  a  globule  of  mercury  is  a  small  excaTation  made  in  its  upper  suruoe.  with 
which  the  ne^atlTe  pole  should  be  eonneoted ;  the  porithre  pole  should  be  connected  with 
the  platinum  plate ;  the  ammonium  amalgam  will  be  formed  as  before. 

6  J.  Pass  the  current  through  4  cups  of  acidulated  water,  conneeted  bj  platinum 
wires,  and  arrMiged  'as  la  Sig-  168,  and  obserre  that  two  poles  are  formed  in  each  cup, 
one  of  which  dbchan;es  oi^gen,  and  the  other  hydrogen^  and  always  in  the  same  order: 
en  inTerting  a  tube,  closed  at  one  end.  and  filled  with  water,  over  each  pole,  an  equal 
quantity  of  hydrogen  will  be  collected  in  all  the  hydrogen  tubes,  and  an  equal  quantity 
of  oxygen  in  all  the  o^^gen  tubes. 

64i  Arrange  the  apparatiui  as  in  the  preceding  experiment ;  at  the  same  time  intro- 
duM  a  Ti^taaieter  into  the  circuity  (see  Fig.  170,)  having  two  tubes,  closed  at  the  top, 
inverted  in  it.  and  filled  with  water :  the  same  amount  of  hydrogen  and  oxygen  will  be 
ooIIecCed  in  theee  tubes  as  in  those  placed  in  any  of  the  4  cups.  This  shows  the  equality 
of  the  circulating  ft»ve  in  every  part  fji  the  circuit. 

65.  Arrange  the  4  cups  as  before,  except  that  instead  <rf  water,  in  the  1st  cup  let  a 
solution  of  iodide  of  potassium  be  placed,  mixed  with  starch ;  in  tiM  2d,  a  strong  solution 
of  chloride  of  sodium— common  salt,  o(Uored  blue  by  sulahate  of  indigo ;  in  the  8d,  a 
solution  of  nitrate  of  ammonia,  colored  blue  by  purple  cabbage ;  in  the  4th,  a  solution 
of  sulphate  of  copper ;  let  the  poles  in  each  cup  be  separated  by  pieces  of  thick  paper ; 
connect  with  the  oattery,  and  observe  the  formation  <»  two  poles  in  each  cup,  as  before, 
and  that  the  iodine,  chlorine,  nitric  acid,  and  sulphuric  add,  on  the  one  hand,  and  on 
the  other,  the  potassium,  sodium,  ammonia,  and  copper,  are  set  free  at  corresponding 
poles. 

66.  This  experiment  may  be  better  performed  witii  U  tubes.  Take  5  U  tubes,  fix 
them  in  supports,  so  that  they  may  be  placed  in  a  line,  and  connect  them  by  slips  of  pla- 
tinum. Into  the  1st,  pour  a  setntfon  of  iodide  of  potassium,  having  starch  mixed  wir  i 
it  in  the  loft  hand  leg,  and  purple  cabbage  in  the  right ;  in  the  2d,  a  solution  of  chloride 
of  sodium,  ciriored  blue  In  both  l^ps  by  purple  cabbage ;  in  the  8d,  a  solution  of  nitrate 
of  ammonia,  also  colored  blue  in  both  legs,  by  purple  cabbage :  in  the  4Ui,  a  solution  of 
sulphate  of  copper,  colored  blue  in  the  left  hand  leg  only,  with  purple  cablMge ;  and  in 
the  5th,  acidulated  water.  Then  connect  thestarch  end  of  U  tube  1  with  the  positive  pole 
of  the  battery,  and  U  tube  6  with  the  negative ;  observe  that  the  iodine,  chlorine,  nitrio 
arid,  sulphuric  acid,  and  oxygen,  on  the  one  hand,  and  the  potassium,  sodium,  ammonia, 
copper,  and  hydrogen,  on  the  other,  are  discharged  at  corresponding  poles,  showing  the 
similarity  of  their  electrical  relations ;  the  iodine  may  be  known  bv  the  blue  it  imimrts 
to  starch;  the  ditorine  by  its  bleaching ;  nitric  acid,  and  sulphudc  srid,  by  reddenirg 
purple  cabbage;  the  oxygen  by  its  effect  on  a  taper ;  the  potsasinm.  sodium,  and  amno. 
nia,  by  turning  the  purple  cabbage  green ;  the  copper  by  its  metalUc  lustre ;  the  hydro- 
gen by  ite  quantity  and  inflammability. 

67.  Arrange  three  cups  in  the  manner  described  In  §  872,  filling  tlie  three  cups  with 
solution  of  sulphate  of  soda,  tinged  blue  by  tincture  of  cabbage,  and  connecting  them  bv 
shreds  of  asbestus,  or  syphons  of  glass  tube  filled  with  the  same  solution ;  on  piwidng  the 
eurrent,  the  soda  will  cmleet  in  the  n^^ve  cup,  turning  it  green,  and  the  arid  in  the 
positive  cup  turning  it  red,  without  producing  the  slighted  change  in  the  color  of  the 
intermediate  cup,  though  both  have  passed  through  it. 

68.  Repeat  this  experiment,  filling  the  cup  a,  on  tlte  left,  with  sulphate  of  soda, 
tinged  blue ;  the  oup  o.  on  the  right,  with  pure  water,  also  tinged  blue ;  and  the  middle 
cop  B,  with  strong  potash :  on  passing  the  current,  the  add  will  collect  in  the  right  hand 
eup,  turning  tiie  blue  to  red.  and  in  so  doing,  pass  directiy  through  the  potash  in  the  cup, 
o.  without  any  hindrance,  though  the  affinity  between  them  is  intense;  the  soda  will  rollcrt 
in  the  cup  a.  and  tnm  it  green,  as  before.  If  the  sulphate  of  soila  be  placed  in  the  right 
hand  cup,  the  middle  rup  be  filled  witli  strong  sulphuric  ac  d,  and  the  left  hand  cup 
with  pure  trater,  tinged  blue,  the  soda  >mI11  pass  straight  through  the  add  without  afloct- 
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for  it,  notwlthstending  the  stMog  affinity  between  them,  into  the  e«p  A,  andlte  pmi 
ence  there  may  be  detected  by  its  turning  the  vegetable  blae  to  green. 

69.  Armnge  the  three  cupe  as  before,  and  Into  the  middle  cap  introduce  a  strong  k^ 
lution  of  caustic  baryta,  or  strontia;  in  the  left  liand  cup,  sulphate  of  aoda  tinged  blue: 
in  the  right  hand  cup,  pure  water  colored  blue ;  on  paatang  the  current,  the  sulphate  of 
soda  will  be  decomposed,  the  soda  will  collect  in  the  left  hand  cup,  turning  it  green,  but 
the  acid,  in  passing  tluough  the  middle  cup,  will  he  caught  by  the  baryta,  and  precipi- 
tated to  the  bottom,  in  the  foym  of  sulphate  of  baryta,  while  no  effect  at  all  will  be  pro- 
duced upon  the  right  hand  cup.  In  like  manner,  if  a  solution  of  nitrate  of  baryta  b« 
placed  in  the  right  hand  cup,  strong  sulphuric  acid  in  the  middle,  and  pure  water  col- 
ored blue,  in  the  left  hand  cup,  the  nitrate  of  baryta  will  be  decompoeed,  the  nitric  acid 
will  remain  in  the  right  hand  cup,  but  the  baryta,  on  its  way  to  the  left  liand  cup,  «IU 
be  caught  by  the  sulphuric  add,  and  precipitated  to  the  bottom,  in  the  form  of  sulphate 
of  baryta ;  the  left  hand  cup  will  remain  unchanged*    for  an  exi^auation  of  Uiis,  see 

70.  Eleotrotyplnr y  Platlniry  and  CHldlar.  Place  a  small  silTer  coin,  hsTing 
a  platinum  whe  attached  to  it,  in  a  solution  of  sulphate  of  copper,  and  into  the  »<.n  • 
solution  introduce  a  smidl  piece  of  sine ;  no  change  will  be  produced  in  either  metal  so 
long  as  both  are  kept  apart,  but  as  soon  as  a  connection  is  framed  between  them  by  meuia 
of  the  wire,  copper  will  be  deposited  upon  the  rilTer ;  this  shows  the  tendency  of  the  me- 
tals to  be  dep<Mited  upon  the  conducting  pUte  of  the  battery,  wliieh  is  always  negative 
within  the  liquid,  and  positive  without.  Fig.  189,  140, 166. 

71.  Let  two  slips  of  platinum  be  connected  with  the  poles  of  the  battery,  and  intro- 
duced into  a  solution  of  sulphate  of  copper,  the  negative  polo  will  at  once  be  coated  with 
copper,  while  oxygen  will  be  discharged  upon  the  positive.  Repeat  the  seme  experimcoi 
with  nitrate  of  sUver ;  metaUio  silver  wUl  be  deposited  upon  the  negative  pole.  If  aceUte 
of  lead  be  employed,  a  deposit  of  metallic  lead  will  be  obtained ;  and  so  with  other  metal- 
lic solutims. 

72.  To  copy  a  eoln,  take  an  fanpreesion  fk«m  it  in  beeswax ;  then  blow  over  its  suinc« 
some  fine  plumbago,  in  order  to  g^ve  it  a  conducting  suj&ce ;  then  attach  it  by  a  wire  to 
the  negative  pole  of  the  battery,  taking  care  that  the  wire  actually  touches  the  plumbago, 
and  Introduce  It  into  a  sulphate  of  copper  solution ;  then  bring  the  positive  pole  of  tho 
battery,  which  may  be  a  slip  of  clean  copper,  into  the  same  solution,  and  the  wax  mould 
will  at  once  receive  a  deposit  of  copper,  which  will  steadily  increase  In  thickness;  it  may 
eaidlv  be  separated  firom  the  wax  and  an  exact  reproduction  of  the  coin  obtained.  The 
solution  for  depositing  copper  is  best  prepared  by  making  a  saturated  solution  of  sulphate 
of  copper,  and  then  diluting  it  to  one-half,  or  one-third,  of  its  bulk,  with  a  mixture  of 
one  measure  of  siUphurle  add  with  eight  of  water. 

73.  If  the  article  to  be  copied  be  made  of  plaster,  it  should  be  dipped  in  melted  sic*- 
rine  and  then  coated  witb  plumbago,  as  above  described,  liefore  bdng  phiced  in  the  bath ; 
or  if  it  be  a  medallion,  it  may  be  wetted  by  holdfaig  it  In  water,  with  the  face  upward, 
until  the  liquid  has  thoroughly  penetrated  It ;  then  tie  a  slip  of  paper  around  the  rim, 
and  pour  melted  white  wax  into  the  cup  thus  formed ;  the  wax  Unpression  Is  then  to  be 
coated  with  plumbago,  as  above  described;  gutta-percha  may  also  be  used  to  take  Im^ 

'^  74i  In  order  to  plate  with  silver,  the  articles  must  be  well  cleaned,  and  attached  to 
the  nejjative  pole,  in  a  solution  consisting  of  two  ports  of  cyanide  of  potassium,  dissolved 
in 260parts c5r water ;  to  the  positive  pole, a  silver  plate  must  be  attached, in  order  to 
keep  up  the  strccgth  of  the  solution.  ^,.      ,  ^      ^    ^  v^  ^  *v  **». 

76.  For  gilding,  articles  must  be  very  oarefhlly  cleansed  and  attached  to  the  negativo 
nole  In  a  bath  consisting  of  one  grain  of  chloride  of  gold,  and  ten  grahis  of  cyanide  of  po- 
tassium dissolved  in  200  pwlns  of  water ;  a  piece  of  gold  must  be  suspended  from  the  pos- 
itive pole,  in  order  to  keep  up  ttie  strengtii  of  tiie  eoinUim.  In  P«iforming  these  experi- 
mentsuDon  the  deposition  of  metals,  many  points  of  detail  connected  with  the  strength 
of  the  solution,  the  power  of  tiie  battery,  and  the  degree  of  temperature  can  only  be 
leomed  by  practice.    See  Davli' Manual  rf  Magnetism.      ^      ^^    ^  ^  ^. 

76  MaffneUsm,  and  Eleotro^MagnetUm.  The  attractive  power  of  the 
msim'et  may  be  ^own  by  applying  diher  extremity  of  a  magnet  to  a  mass  of  Iron 
filing*,  or  to  any  collection  of  small  bits  of  iron ;  the  filings  and  Iron  piece*  wiU  attach 
themselves  strongly  to  each  end  of  the  bar.  v      ».         v 

77.  That  a  magnet  possesses  two  poles  of  opposite  properties,  may  be  shown  by  sus- 
pending a  dollcfltc  mngnetic  needle  by  a  threvd.  ss  in  Fig.  Ii4,  and  observing  that  its 
north  A>le  is  repelled  and  Its  south  pole  attracted  by  ttie  nortii  pole  of  a  second  mag- 
netic medic  held  near  each  pole  successively.        ,  ^^      ,,      ^  , ,,  ,. 

78.  The  repulsive  power  of  the  same  poles,  and  the  attractive  power  of  tlte  opposite 
poles  of  two  different  magnetic  needles  may  be  shown,  by  trying  the  effect  of  eech  mag- 
iietic  pole  of  a  bar  magnet  succesflvely  upon  ti»e  poles  of  a  delicate  magnetic  needle,  sus- 
pended by  a  fine  thread.  Fig.  174.  ^  ,.     ,,         ..  ^ 

79.  The  directive  action  of  the  earth  upon  a  magnet  may  be  shown  by  mounting  a 
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^ttagnetlo  needle  npon  a  pivot,  as  in  f%.  175,  and  obmrriDg  that  it  immediately  takes  a 
north  and  south  podfciim,  and  that  the  magneUe  poles  very  nearly  cc^ekle  with  tue  ek- 
■  tremiciesofitsaxu. 

80.  The  effect  of  nentraliziDg  the  directlTe  action  of  the  earth  npon  a  magnetic  nee- 
dle m«y  be  shown  by  £utening  a  second  needle,  with  poles  reversed,  directly  beneath  the 
first,  as  in  the, astatic  needle,  Fig.  176,  and  observing  that  the  earth  no  iohger  compels 
the  needle  to  assume  a  north  and  south  poeiiion. 

81.  The  non-directive  tendency  of  the  astatic  needle  may  be  shown  by  obeerving  that, 
vrliea  moved  from  the  magnetio  meridian,  it  does  not  tend  to  return  to  it  again.  That  it 
has  not  lost  its  magnetic  power,  may  be  proved  by  the  action  of  a  tNur  magnet,  whtti 
brought  near  it. 

82.  The  induction  of  magnetlan  in  a  pleco  of  soft  iron  may  be  shown  by  taking  up 
a  common  nail  by  the  end  ofa  bar  magnet,  and  obaerving  that  the  extremity  of  the  nail 
is  itself  possessed  of  attractive  power,  lias  become  magnetic,  and  will  attract  a  second 
small  piece  of  iron,  when  applied  to  it,  and  ttiis  anotner,  and  so  on  in  succession  so  k>ng 
as  the  connection  with  the  original  magnet  is  maintained,  J^^.  177. 

8  I.  To  show  the  dia-magnetio  effect  of  the  magnet  upon  certain  substances,  suspend 
a  delicate  needle  of  bismuth  or  antimony  by  a  thread  Wween  the  poles  of  a  powerful 
horae  shoe  magnet,  and  it  will  at  once  assume  an  equatorial  position,  Fig.  Ii9.  Try 
the  same  experiment  with  a  stick  of  Phosphorus. 

84.  The  same  dia  m<ignetio  power  may  also  be  shown  by  suspending  a  small  cube  of 
oopper  between  the  poles  ofa  powerful  electro-magnet  by  a  thread  of  twisted  silk, 
which  causes  it  to  turn  round  with  great  rapidity ;  the  instant,  however,  that  the  elec» 
trical  current  circulates,  and  the  electro-magnet  becomes  excited,  the  motion  of  the  cube 
is  completed  arrested ;  thto  is  not  o-jring  to  any  attmeUve  action  exerted  by  the  poles, 
fbr  it  is  well  known  thit  no  such  attraction  is  exerted  upon  oopper,  but  to  a  powerfiil 
dia-magnetic  action,  whteh  acts  at  right  angles  to  the  magnetic  axis. 

8  5.  The  dia-m^aedsm  of  liquids  may  be  shown  by  enclodng  different  solutions  in 
small  tubes  of  very  thin  gUss ;  if  the  liquids  are  magnetic,  Uke  the  solutions  of  iron, 
nickel,  and  cobalt,  the  tubes  take  up  their  position  in  the  magnetio  axis ;  if  dia-magnetie, 
like  water,  alcohol,  ether,  spirits  of  turpentine,  frc.,  they  occupy  the  equatorial  axis. 

88.  The  dia-magaeUsm  of  gases  m\f  be  shown  by  the  apparatus  indiratod  in  Fig. 
183 ;  also,  by  placing  a  lighted  eandie  between  the  poles  of  the  electn>«magDot,  Fig. 
256,  the  pillar  of  gas  rising  from  the  wick  will  cease  to  ascend,  and  be  turned  off  at 
right  angles  upon  a  line  correspon'ling  with  the  magnetio  equator. 

87.  To  show  that  the  wire  carrying  tlie  butery  current  ICMlf  becomes  magnetic,  con- 
nect  the  poles  of  a  series  of  several  pUrs  of  O  rove's  battery,  by  meann  of  a  siiort  copper 
wire,  and  apply  iron  filings ;  they  will  ad  lere  equally  all  around  the  circumference  of 
the  wire,  forming  circular  bands ;  when  the  circuit  is  broken  the  iron  flUngs  will  £dl  off; 
but  if  steel  flllngi  be  emplo/ed,  a  part  of  them  will  rentain  attached. 

83.  To  show  theellectof  thegilvanio  current  upon  the  magnet,  arrange  the  wire 
eonnecting  the  pole<«  of  a  battery,  and  carrying  the  ourrent.  on  a  line  running  north 
and  south,  the  direction  of  the  current  being  from  the  south  to  north,  and  place  a 
delicate  mtignetio  needle,  supporte>l  upon  a  fine  point,  directly  beneath  it.  as  in  Fig. 
1?2 ;  the  north  pole  will  move  to  the  we^t,  and  the  south  to  the  east ;  place  the  nee-lle 
above  the  wire,  and  on  either  side,  and  observe  the  effect ;  finally,  reverse  the  current, 
and  observe  the  reversion  of  all  the  movements. 

89.  The  effect  of  the  wire  carrving  the  current,  upon  themacnetie  needle,  may  be  1>est 
feea  by  making  use  ofa  magnetio  needle  half  brass.  In  this  instrument,  the  steel  nee- 
dle is  wholly  upon  one  side  of  the  point  of  support,  and  is  counterpoised  by  a  brnsa 
weight  on  the  other  dde.  By  this  arrangement,  the  action  of  the  electrical  current  npon 
the  pole  which  points  to  the  pivot  (let  it  be  the  south  pole  )  can  have  no  influence  in 
turning  the  migaet,  and  its  motion  will  bo  deterroinetl  soIelV  by  the  action  <^  the  cur- 
rent upon  the  north  pole.  The  eSect  of  this  arrangement  will  be,  to  make  the  tendencr 
of  the  magnet  to  rotate  around  the  pole  nuMre  apparent,  but  no  actual  rotation  can  bo 
obtained. 

90.  That  the  gUvanIo  current  induces  magnetism,  may  be  shown  by  winding  a  piece 
of  soft  copper  wire  spirally  around  a  glass  tube,  in  a  right  hand  direction,  and  connecting 
the  two  extremities  of  the  coil  with  the  pole:*  of  the  batterv :  then  Introduce  into  the  i 
tube  a  rod  of  soft  iron,  and  bring  a  magnetic  needle  near  either  end :  it  will  be  found 
that  the  iron  rod  has  become  strongly  magnetic,  the  r  orth  pole  being  at  the  extremitv  nt 
which  the  current  leaves  the  coil ;  apply  Iron  filings,  or  any  small  pieces  of  iron,  to  the 
roil,  and  thev  will  be  found  to  be  strongly  attracted ;  break  the  connection,  and  the  mug- 
netkm  will  be  deiitrovod,  and  the  nrticlee  will  fail ;  re  establish  the  connection,  and  the 
magnetism  will  be  restored ;  Fig.  182. 

91.  Reverse  the  current,  and  the  position  of  the  pole«  will  be  reversed 

9*).  Wind  a  wire  around  a  second  similar  tube.  In  the  left  hand  direction,  and  the 
position  of  the  poles  will  be  revenged,  the  WMrlh  pole  being  at  the  extremity  at  which  the 
current  entem  the  wire  j  F>g.  188. 
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9\  r^nlMet  a  toottnted  ImUx,  Fiff.  184,  with  th«  h^tterj :  the  heHx  t*»elf  beraiM 
Bu^netk,  heSon  the  iatrodactiOD  of  tiie  Inm  rod,  m  shown  by  ice  effect  on  the  m«n«de 
needle,  and  upon  iron  fliinge ;  then  introduce  the  iron  rod,  andobeerre  that  the  polea  Of 
the  rod  are  the  rereme  of  thoM  of  the  helix,  the  rod  being  mognetized  by  indue  tan. 

•4i.  To  show  the  de  Jcecy  of  the  current,  measured  by  the  common  galrancmeter,  Fff. 
185,  provide  a  piece  of  sine,  and  another  of  copper,  one  inch  sqaare,  and  immerse  thAi 
iu  a  small  quantity  of  acidulated  water,  talcing  care  that  they  do  not  touch  each  other, 
then  transmit  the  current  tlirough  tlie  galvanometer. 

95.  To  show  the  extreme  delicacy  of  the  a*tatie  galvanometer,  immerM  a  piece  of  dnc, 
and  another  of  copper,  about  ^th  of  an  inch  square,  in  aciduiated  water,  and  connect 
with  the  astatic  galvanometer ;  Figs.  186  and  187. 

96.  To  show  the  magnetic  influence  of  the  liquid  part  of  the  circuit,  suspend  a  ma^ 
netic  needle,  as  in  Fig.  188. 

97.  To  show  the  truth  of  Ampere's  theory,  mount  a  heUx  of  wire,  as  in  F7g.  190,  and 
observe  that  one  extremity  is  affected  with  north  polarity,  and  the  other  with  south,  aa 
•ho^m  by  the  magnetic  needle,  wlien  brought  near  it. 

98.  Arrange  two  helioee,  as  in  Fig.  191,  and  obeerve  tiiat  they  aet  exactly  as  two  mag- 
nets would,  under  similar  oirenmataacee. 

99.  To  show  that  the  vrire  oanying  the  current^  and  the  magnetic  needle,  tnd  to  re> 
Tolve  around  each  other,  and  Uiat  their  action  is  mutual,  try  the  experiment  with  De  la 
Rive's  ring.  Fig.  192,  first  with  one  pole  of  the  magnet,  then  with  the  other. 

1 00.  To  show  the  conflrmation  of  Ampere's  theory,  provides  ring,  mounted  as  in  Fig, 
193,  through  wliich  the  eurraat  is  passing,  and  observe  that  it  arranges  itself  at  rl^t 
•ngies  to  the  magnetic  mecidlaa. 

iOl.  Transmit  the  current  tfannigh  the  magic  eirele,  Fig.  197,  and  observe  the  heavx 
weights  which  it  will  support. 

102.  Suspend  a  heavy  we^cht  fttMi «  powerAiI  electro-nuignet,  and  obeerve  the  eflbct  of 
breaking  and  forming  the  battery  connection ;  Fig.  196. 

10  i.  To  iUustiate  the  principle  of  the  telegraph,  send  the  gaWanSc  current  through  a 
wire,  around  a  room,  by  oonneetlng  one  extremity  with  the  pKwitive,  and  the  other  w1t!i 
the  negative  |ioIe  of  a  battery,  and  cause  it  to  circulate  through  an  elcctro-magcct, 
having  a  movable  aimature  suspended  over  it,  at  the  other  end  of  ue  apartment,  and  c-b- 
serve  the  eOect  upon  this  dectro  ma^et  of  breaking  and  establishing  thu  battery  e<m- 
neetion  ;  or  use  Aiorse's  indicator,  Ftg.  199. 

104.  To  show  the  appUoa*ion  of  electro-magnetisro  to  the  prodsction  of  motlnii, 
make  use  of  the  Instrument  represented  in  fV^.  208:  also  any  of  the  electro^magnetie 
•Bglnes sold  by  the  philosophical  Im'trumratmakers. 

103.  ▼olta-Bl«otrio  Indnotlon.  The  induction  of  a  secondary  cnncot  of  elecs 
trldty,  by  a  primary  current,  may  be  shown  by  the  apparatus  represented  in  F>g.  214. 
A  delicate  galvanometer  must  be  attached  by  irires  to  the  extremities  of  the  outer,  or  thtf 
secondary  coil ;  tlien.  on  forming  the  connection  between  the  piimary  roll  and  the  bat- 
tery, the  needle  of  the  galvanometer  will  be  deflected  in  such  a  way  at  to  iodini-e  the 
passage  of  a  secondary  current  In  a  re  verve  direction  to  that  of  the  primary  current ; 
the  instant  the  connection  with  the  battinry  is  broken,  the  needle  will  be  deflerfed  in  « be 
opposite  tUrection,  Indioathig  tlie  Indootkm  of  a  ounent  in  the  same  direction  sa  the 
primary  eurrent. 

108.  That  this  effect  takes  place  through  a  eonsideimhle  distance  may  be  shown  bf 
the  appaiarus  represented  In  Fig.  216. 

107.  That  a  secondary  current  is  Induced  by  the  approach  and  removal  of  the  prt- 
■lary  current  may  be  shown  by  the  apparatus  represented  in  Fig.  216. 

108.  The  induction  of  a  secondary  current,  in  the  primarr  wire  Itself,  or  the  extra- 
eurrent,  may  be  shown  by  the  appaiatus  represented  In  Fig.  217. 

109.  The  character  of  the  Induced  extra-current  may  be  shown  by  the  apparatns  In- 
dicated in  Figx.  215,  226 :  vivid  sparka  aro  produced  by  drawing  the  win  of  the  battcsx 
•ver  the  piece  of  ribbed  iron,  and  violent  shocks  are  given. 

110.  The  tertiary  and  quaternary  currents  may  be  shown  by  Henry's  colls,  ^g  t\fL 

111.  II aevi«*-o«El«o trldty.  That  a  secondary  riectrical  current  Is  Indnrcd  hy 
magnetism,  may  be  shown  by  the  apparatus  represented  in  Fig.  219  On  Introdrctnf 
the  permanent  magnet  into  the  interior  of  the  coil,  the  needle  of  the  galvanoo-.etrr  Is 
deflected  powerfiillv,  showing  the  inductkm  of  an  electrical  current  In  the  Irverre  dferecw 
tion  from  the  currents  flowing  around  the  magnet,  according  to  the  theorv  of  M.  Ash 
pete.    On  ivveming  the  magnet,  the  needle  is  deflected  In  the  opposite  directioo. 

112.  Remove  tbe  magnet  altogether,  and  introduce  In  Its  place  a  ber  of  snft 
iron :  thli*  will  become  magnetiaMi  by  induction  as  soon  as  a  magi>et  Is  brought  rwr  lt« 
free  extrcmitv :  at  the  Instint  this  taken  place,  the  needle  of  the  gnlvanoircter  will  >w 
Icilectcd  as  before :  when  the  magnet  is  removed,  the  iron  bar  will  lose  its  magretbxa 
\nd  be  deflected  in  the  opposite  direction. 

<  113.  The  name  effects  may  also  be  riiown  by  ttie  apparatus  represented  In  ^>.  1^. 
1 14.  The  production  of  sparks  by  the  current  thus  ladncad,  maj  beabown  hy  tbe  ar* 
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ftntitf  r«pN0flated  hi  Fig.  HO.  Ob  touoUag  fbe  mtmnttA  iwniMtieiit  mngiH  a  «, 
Witb  th«  rod  of  loft  iron,  v  0.  wound  with  »  eoll  d  copper  wire,  lae  two  eoUn  of  whka 
Aeftrljr  meet,  the  iron  rod  will  be  magifetlMd  by  iodactioa,  mm!  at  the  same  instant 
a  bright  spark  flash  between  the  wires. 

lid.  ir  an  electro-magnet,  while  actuated  Ivy  the  battery  current,  be  brought  near  a 
«oil  of  wire  connected  wita  a  delicate  galvanometer,  a  secondary  current  of  electriciey 
will  be  induced. 

116.  That  an  electrc-magoet,  magneUied  and  de-magnetixed.  will  induce  an  electrical 
current  in  a  closed  wire  may  be  cooclusiTely  shown  by  attachinir  a  battery  to  one  pair  of 
thewireeof  Faraday ♦s  ring;  1^.228.  *^ 

1 17.  The  same  £tct  may  also  be  shown  hj  introducing  a  bar  of  soft  Iron  into  the  cen- 
tre of  the  primary  coil  represented  in  Fi^.  214,  on  completing  and  breaking  connectioa 
with  the  battery  the  iron  bar  is  magnetised,  and  de-magneti^Ni,  and  a  mucn  more  de- 
cided effect  exerted  upon  the  galvanometer  than  when  the  coils  are  used  alone.  Thin  is 
a  case  of  Volta-Hagneto-eleetric  Induction. 

118.  The  same  fiict  may  be  shown  by  the  apparatus  represented  in  Fig  2?2,  and  aim  • 
that  the  strength  of  the  induced  current  of  electricity  as  shown  by  the  galvanometer  is 
proportioned  to  the  number  of  soft  iron  wins  introduced,  or  in  other  woros  to  tbe  ^m 
and  power  of  the  eleoiro-magnet. 

119.  Arago's  rotations  may  be  shown  by  the  apparatus  represented  in  Fig.  224. 

120.  Fafa's  8»parabl«  Halloas.  The  properties  of  the  induced  secondary 
enrrents  may  be  exhibited  by  Page's  separable  helices,  Fig.  22S  If  the  handles  con* 
nectHd  with  the  extremities  of  the  Moondaxy  coil  be  tlghtiy  grsuped,  shocks  wUl  be  expe- 
rlencad,  when  the  cooneotion  with  the  battery  y  rapidly  eonpletod  iMid  broken,  either  by 
drawing  one  polar  wire  over  the  rwp,  or  by  the  break-piece,  even  when  there  are  no  wires 
In  the  interior  of  the  Inner  coil;  introduce  the  wires  one  by  one,  and  t^e  suocks  wid 
griduallv  increase  In  Intensity  tlli  they  become  intolerable,  and  the  handii  become  m 
figiitly  fastened  to  the  handles  that  it  will  be  Impossible  to  open  them,  and  the  scinbibi- 
tlons  upon  the  rasp  and  break-piece  win  become  very  brilUant. 

lai*  Instead  of  the  bundle  of  wires  sabedtnle  a  rod  of  soft  iron,  the  shocks  and 
sparks  will  be  considerably  diminished. 

1  aa.  If  the  bundle  of  wires  or  the  iron  rod  be  hitrodneed  gradually,  the  spark  and 
ahock  increase  as  it  enters;  In  this  manner  the  intensity  of  the  shock  may  be  regulated. 

1  a3.  Pass  a  glass  tube  over  the  iron  wires  In  the  helix,  and  the  eOect  will  reuMla  un- 
diminished, but  if  a  brass  tube  be  employed,  the  shocks  and  sparks  wiU  cease  ako> 
gether 

ia4.  If  the  batt^i^  win  be  moved  slowly  over  the  rasp,  distinct,  powerful  stngM 
■hocks  an  obtained ;  If  moved  more  rapidly,  the  arms  an  convulsed  violently. 

laS.  The  strength  of  the  shock  depends  much  upon  the  extent  of  contact  surflu^ 
between  the  hand^  and  the  metaUio  conductors ;  the  shocks  will  be  much  lowened  if 
two  wires  bo  used  in^itead  of  handles,  and  still  more  if  tie  wiree  an  held  lishtlv  in  t  le 
lingers.  The  shocks  an  greaUy  increased  If  the  hands  an  moistened  with  siUt  water. 
*u*  i*:.^t  "*!  handle  connected  with  the  positive  cup  of  the  secondtry  helix  be  held  In 
the  right  hand,  and  the  one  connected  with  the  negative  cup  in  the  left  h^nd,  the  left 
hand  and  arm  win  experience  the  most  powerful  shocks,  and  be  the  most  violently  con- 
vulsed. In  determining  the  p<Mltive  cup,  the  terminal  secondary  pro  lu^ud  by  brMkins 
contoct,  should  be  alone  taken  into  account ;  the  initial  secondaiy  may  be  dii5eg%rded 

la/.  If  theendsof  the  secondary  wire  be  put  into  water,  a  peculiar  shock  mav  be 
fejken  by  putting  the  fingers  or  hmds  Into  thewAter,so  as  to  Sie  the  current  pws 
through  them.    Th^  current  prefers  a  pwsige  through  the  body  to  that  through  the 

^^f_i^^J^^^'^}>^y  by  the  adJItton  of  a  small  quantity  of  common  salt,  HtSe  or  no 
■hock  will  be  perceived. 

^i^^  *'j^?*'iS.'*K**'!K**°!!?'.^  eonneeted  wHh  the  extrvmltfes of  thePeeondtrv 
eoil,  the  needle  will  be  deflected  in  opposite  directions,  and  equaUy  &r.  whenever  the 
battery  dreuit  is  completed  or  broken.  '         -qoauy  ar,  wnenever  tne 

lad.  When  the  drouit  Is  broken,  ovw  tbo  sarlhoe  of  mercury  by  Page's  dreuit 
braiker,  |  462,  an  intensely  brilliant  spark  is  seen  In  both  cups,  If  5e  qmmtity  of  mer! 
®"r^i  Propwly  wgulated,  and  the  mrroury  is  deflagmted  in  wiitc  vapSr. 

130.  If  water  or  oU  be  poured  upon  the  mnrfiMM  of  the  meronzy  the  spafto  wUl  bo- 
come  less  intense,  but  the  shocks  more  severe. 

131.  If  prepared  charcoal  points  (Bxpt  25,)  an  attached  to  the  ends  of  the  seoon- 
^J'»^^;!P^  ''•]**  •i™?'*  *"  ""•"*'  »  beaattfW  Hght  will  be  produced.  ^^ 
«.!  u  L^l^t*  •°.**'_°£  *]*?  secondary  odl  be  connected  with  two  line  platinum  wires 
which  have  been  inserted  into  glass  tubes,  that  have  been  melted  on  thS  wins  w  as  to 
cover  the  ends  completely,  and  then  filed  away  so  as  to  expose  the  tip.  of  the^iS^nd 
then  these  an  immersed  in  addulated  water,  (Bxpt.  84,)  Wrt  very  fcr  apart,  thTwater 
mill  be  decompose  I,  snd  Ojqrgwi  andHydrogen  set  free,  both  oqcomplettng^wd  breS' 
iBffthedrouit.    AjtheplatfaiwiilreaanattirMrt^fositivtaBdkeptt^e^ 
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wiUbegiveaaff  alteroAtelyby  both  wires.  The ptolinimi  wires  nftf  Wctntedvlth  mii^ 
ing  wax  instead  of  gkus.  The  purpoM  of  covering  Iheaa  to  to  oonflne  the  pawn^  of  tJM 
electrical  ourreot  to  one  smaU  and  direct  path  from  tip  to  tip,  instead  of  allowing  it  to 
pass  between  tne  wireH  along  the  whole  length  of  the  portions  immersed  in  tiie  water.   . 

13  J.  In  performing  tne  abovu  experiment,  rapid  di^charge0  are  lieard  Inthe  water, 
with  sharp  ticking  sounds  audi*  le  at  tne  distance  of  one  hundred  feet,  and  the  extifsti- 
tiee  of  tne  wireit  appear  in  the  dark,  one  constantly,  and  the  other  intermittingly,  lainin< 
ous :  this  ticking  noise  and  the  sparks  are  produced  only  by  the  tenninal  corxcni,  on 
breaking  connection  with  the  battery. 

134.  A  Ley  den  Jar  whoM  iniJde  coating  to  connected  with  the  knob  by  a  contiiiiioaa 
-wire  may  be  slightly  diarged,  and  feeble  sparks  be  obtained  fhnn  it,  by  gnvpinx  the 
iu  with  one  hand,  and  bringing  its  knob  into  contact  with  one  of  tb»  cups  of  tiie  mn-* 
ondaty  helix,  and  then  establishing  a  connection  between  the  other  cup  of  the  hetlx 
and  the  outside  coatiug  of  the  jar.  by  means  of  a  wire  well  insulated  firom  the  hand. 

13d.  A  gold-leaf  electroscope,  Fig  115,  will  exhibit  a  considerable  diTergenc*  of  in 
leaTes.  if  its  cap  be  touched  by  a  wire  connected  with  cither  cup  of  the  helix,  prorided 
the  contact  be  made  at  the  moment  of  breaking  the  battery  circuit. 

13tf.  If  the  instrument  be  arranged  huriaontally.  and  a  bar  of  soft  hroo  endoeed  in  m 
brass  tube  be  introduced  ioto  the  helix,  and  a  miall  key  be  applied  to  one  end  of  tbe 
bar,  although  the  maguettom  of  the  bar  to  intermitied  with  every  break  in  tlie  battery 
circuit,  yec  bding  almost  immediately  renewed,  the  key  will  not  Ikll.  Thto  experinwat 
OODolusiTely  pruvw  that  a  MnsibJe  time  to  required  for  a  bar  to  kwe  its  magnetic  powec 

137.  Bobinkorff's  Coil.  To  dtoptoy  the  action  of  thto  instromeot  adTant»- 
oeously,  ftom  four  to  eight  celto  of  Grove's  battery  aie  generally  quite  sulBciert.  Tbo 
wires  leading  from  the  battery  are  to  be  attached  to  the  binding  hcrews  connected  wiik 
the  primary  coil,  and  great  care  must  be  taken  to  avoid  accidental  shocks.  I>y  breaking 
oouneotlon  with  the  l>attery.  by  means  of  the  commutator,  until  the  adjustment  of  the  ar- 
rangements for  the  proposed  experiment  to  complete.  Vor  the  sucecssful  exhibition  of 
the  capabilities  of  the  coll,  tlie  experiments  must  be  performed  in  a  darkened  room. 
Care  must  be  taken  that  the  condenser  to  attached  underneath  the  inatnunent,  as  de- 
Bcrtbed  in  J  463,  pp  442,443.  .  .  ^     ^         w 

138.  The  great  power  of  the  seoondsry  current  induced,  can  be  shown  by  conacrHttc 
two  delicate  steel  uerdles  with  the  binding  screws  of  the  secondary  roil,  and  bringiug 
them  withhi  a  few  inches  of  each  other ;  on  establtobing  the  connection  with  the  batte- 

Sa  HKiondary  current  of  great  intensity  will  flash  through  the  wires  with  vivid  sparks; 
e  distance  may  l>e  iucieaMid,  under  favorable  circumstances,  to  twenty  inclics,  or  eT«« 

1 39.  The  wire  fhrn  which  the  current  passes  remains  old  enough  to  be  held  in  tlia 
Unirers,  Fig  232;  the  other,  the  negative  wire,  becomes  to  hot  that  it  welU  into  a  glo- 
bule of  liquid  iron,  and  if  paper  is  held  between  the  wires,  it  rapidly  takes  fire 

140  If  »  reflection  of  tliese  points  be  thrown  upon  a  screen  by  means  of  Dubosrq  s 
electric  lamp.  Fig.  160.  a  cor.e  of  vapor  will  appear  to tssue  from  the  poJLttf  each  aire, 
but  that  froS  the  negaUve  wire  being  the  mo^t  powerful,  seems  lo  beat  back  the  stream 

^4?!"irplaJJ  ^7he  steel  wli«i,  substitute  wires  of  copper,  of  .inc.  of  soft  iron.  U 
brai  ic!:?nallca«scombusUon  will  take  .tocewith  the  ,ioductM«of  tbechaiw 

*?4t  "o!;*dSJeJttnr55?dtocbarge  through  balto  of  the  different  metato,  FVf.  240  tl« 
spectrum  lines  pecnUar  to  each  metal  nmy  \>o  Bo,:n  to  gnmt  advantage  by  means  o^  tbe 
spectroscgpe.  ^^chante  through  an  exhausted  Electric  Eg::,  P-g.  234,  a  b.**- 

tifui  lum?noSrHirtUflaSi  f^  one  bill  to  the  other.  Exhaust  the  r^vcr  more  p». 
^Mv  a?d  theClnou.  port  on  will  be  .raver«Kl  by  a  series  «' J** J^^s  c^^ 
with  the  positive  ban.  Fig  284,  No.  2;  the  Prwep^®/ *  TS*.  JSI 5  jS^il^ 
lendexi.  th£e  bands  much  more  dtotinct.  Apply  "»«» /'^•J  J^  ^rlL^l^StiJ 
the  same  time  cutting  off  the  connection  of  tt»e  lower  knob  ^♦»>>^«  "^^Jy  ^  a 
coil,  and  the  trail  wlU  suffer  a  curious  devtotlon  towards  the  finger.  Fig.  284,  No  8 

i'^.  Inst^of  the  Electric  Egg.  plnce  a  tumbler  c^f  ^'*»i«'»  ^. '^'J^J.a;^ 
with  tin  fWl.  upon  the  ptateof  an  air  pump  ^««*^ 'T^}'*'-  !^iZSL  SS  ^livSf 
K)i  until  It  twiches  the  metallic  lining,  then,  on  establishing  a  connection  with  tbe  ceU, 
a  beautiful  cascade  of  light  will  pour  over  the  edge  of  the  tumbler.  ^;«..^* 

145.  !>ass  the  discharge  ftrom  the  coll  throuA  G«JwJer>  tub«^  «^*\«V^**r™* 
gats  which  have  been  more  or  lose  exhausted,  Ftgs.  286, 287,  and  observe  tbe  euriooi 

atratlflcation  which  enf^ops.  ^  ^  .    ,    ,    ^.       .       . ^^^  y^„  ^k*  ^.^fmmmiJL  Pim 

14R.  Submit  the  light  of  Gelssler^s  tubes  to  observation  by  the  spectroscope,  1^. 

240,  and  observe  the  beautiful  spectra  of  the  gases  which  are  thus  ^^^^^'^^  .. 
147.  A  Levden  jar  may  be  charged  by  connecting  the  outer  coating,  fV^.  280,  wi-h 

one  of  the  poles  of  th«  coll.  and  'he  inner  with  one  of  the  anna  of  •*«J«»>wfv^ 

ither  arm  of  which  fa  lu  communication  with  tha  opposite  pole  of  iha  coU,  tl>e  excr^lr 
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Mea  being  two  or  three  Indies  ftpert ;  allow  a  few  tperks  from  the  eoil  to  pan,  and  then 
remove  and  discharge  the  Jar  in  the  usual  manner. 

.  llti*  Attach  one  of  the  seocndary  wires  to  the  ball,  or  rod,of  aself-dischargins;  Lejdeh 
Jar,  and  the  other  to  the  outside  surfiice,  so  arranged  that  the  discharger  may  be  broug'it 
within  half  an  inch  of  the  ball ;  then,  on  turning  on  the  battery  current,  the  Jar  will  be 
charged  and  discharged  with  great  rapidity,  and  the  snapping  noise  become  continuous ; 
If  a  piece  of  paper  tw  lield  between  the  knob  of  the  Jar  and  the  wire,  it  id  instantly  per- 
fiwated,  but  not  set  on  fire. 

149.  Twist  a  platiniun  wire  around  the  knob  of  a  Leyden  Jar,  and  bring  its  end  near 
«aM>ogh  to  the  poles  of  the  coil  to  almost  touch  them  without  quite  doing  so,  and  k 
noiseless  spaik  of  fieeble  light  will  pass  fkom  each  pole  to  the  extremities  of  toe  platinum 
wire ;  if  at  this  moment  the  outer  coating  of  ttie  jar  be  connected  with  one  of  the  poles 
of  the  seoondiry  colt,  the  spark,  at  the  interruption  on  that  side  will  suddenly  become 
noisy  and  brilliant ;  wliat  is  rmy  singular,  the  noiseless  spark  will  kmdle  paper  and 
other  ocmibustibles.  while  the  nofasy  flash  will  fidl  to  kindle  them. 

150w  Charge  a  large  electrical  battery  by  cascade,  the  Jars  being  arranged  hori- 
Bontally  and  in  suooeiMion.  the  knob  of  the  first  nearly  touching  the  outtide  coating  of 
the  second,  and  so  in  regular  series. 

161.  If  the  Leyden  J^r  be  coated  with  spangles,  a  spark  will  appear  at  each  break,  and 
the  whole  Jar  be  lit  up  with  hundreds  of  brilliant  sparlu  each  time  it  is  charged  and  dis- 
«harged. 

152.  When  the  continaoas  discharges  flrom  the  Leyden  Jar  are  made  to  pass  through 
the  centre  of  a  large  lump  of  crystals  of  alum,  sulphate  of  copper,  or  ferro-cyanate  of  pot- 
ash, the  whole  of  the  crystal  is  beautifully  lighted  up  during  the  passage  of  the  electri- 
city from  one  wire  of  the  discharger  to  the  other. 

163.  The  chemical  effects  of  t'je  coil  may  be  shown  by  caudhg  the  secondary  current 
to  pass  through  a  tube  of  air  hermetically  sealed,  Fig.  241 :  the  Oxjfgen  and  Nitrogen 
combine  to  form  Nitrons  acid,  with  the  production  of  red  fumes. 

ISK  KncI-tneOxygeri  io  a  tube  with  solution  of  st-irch and  Iodide  of  PottBsium,  Fi^. 
74H,  en  1  pas  -  a«  locession  of  sperlts  fi  om  the  coil,  one  by  one ;  the  1  odide  of  Fota«^  ium  wtil 
03oa  bo  decompoeed.  and  tae  characteristic  blue  coloi*  resulting  from  tuc  action  of  starch 
on  free  loJlne  be  produced,  showing  the  conTemion  of  Oxygun  into  Ozone. 

165.  Water  may  1>e  decomposed  by  connecting  the  poles  of  the  coll  with  two  of  Wol- 
laston^s  dischargers,  oonsiitting  of  platinum  wires  covered  with  glass,  the  tubes  being 
filled  with  mercury :  Oxygen  and  Elydrogen  will  be  set  free  at  each  pole  alternately,  and 
n  mixture  of  the  two  gaaes  may  be  collected  in  an  inverted  glass  test  tube  filled  with 
water. 

166.  The  -vapor  of  water  may  be  decomposed  by  passing  a  continuous  charge  from 
the  coll  through  steam  in  a  glass  flask,  and  n  mixture  of  the  two  gases  collected 
in  an  inverted  tube,  Fif.  248. 

167.  If  the  steel  wires  from  the  poles  be  applied  to  any  small  animal,  such  as  a  rat, 
or  a  rabbit,  Ittb  will  instantly  be  destroyed  :  t«o  of  Bunsen's  ceUs  are  quite  sufficient. 
With  twelve  of  Bun^en's  cells  a  man  could  probably  be  struck  dead.  A  very  feeble 
aparic  from  one  small  Orove  or  Bunsen  cell  may  tw  transmitted  through  a  large  circle  of 
persons  Joining  hands.  These  experiments,  howevefi  should  be  performed  with  the 
greatest  canttcm. 

168.  llagnoto-Eleotrle  lI«obln«s.  The  be«t  machine  for  exhibiting  t'lo 
dfects  of  Magneto<eleotriclty  Is  Page's,  F^g.  247.  On  turning  the  wheel  w,  by  meiins 
of  the  ivory  handle  attached  to  it,  the  colls  a  a,  are  made  to  revolve  with  givat  r.ipid- 
itv,  and  continuous  currents  of  positive  and  n^ative  e  ectricity  are  di;<charged  fh>m 
the  cups  p  and  N,  which,  by  means  of  wires,  may  be  used  for  exptnimenrs  in  electro- 
magnetism,  decomposition  of  chemical  compounds,  the  production  of  lig^f,  and  t'le  giv- 
ing of  shocks,  in  the  same  manner  as  the  wires  proceeding  from  the  poles  of  a  galvanlo 
battery. 

159*  This  Instrument  may  be  made  to  produce  an  electrical  current  of  hi^^'i  or  foeble 
intensity,  by  making  use  of  coils,  consisting  of  very  lo  -g  and  fine  wire,  for  the  former, 
and  of  coils  compowMi  of  short  and  coarse  wire  for  the  latter ;  the  former  is  mnro  u^teful 
lor  shocks  md  chemical  decompoidtlon,  the  latter  for  heating  and  magnetic  eHKicti. 

1  '^O.  By  suddenly  breaking  tho  mignetlo  current,  a  i«econdiry  current  in  the  same 
direction  of  much  greater  inteuititf  can  1»e  Inducel ;  the  breaking  of  the  circnic  ii«  nc- 
complished  by  mem^  of  a  steel  wire,  thrust  through  the  cup  n,  and  bearing  upon  the 
toothed  wheel  mounted  above  the  pole  changer.  For  giving  {ihock<i,  this  stee*  wire  Hlinuld 
be  inserted  and  firmly  flwtened  in  Its  place ;  bdt  tor  all  other  experiments  it  should  be 
removed,  and  the  primary  current  used  akme. 

161.  Connect  tne  wires  prooeeding  from  the  poles  p  and  iv.  with  the  extremities  of  a 
galvanometer,  Fig.  186,  and  the  needle  will  utonre  he  vioientiv  oscillated. 

1 39.  Connect  the  polar  wires  with  the  extremities  of  an  e1e<*tro-magnet.  Figs.  1^, 
J96, 206,  and  a  Tny  oooblderable  degree  of  magnetic  po^er  will  be  produced,  quite 
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-snActent  to  nise  ire^lits,  sod  prodiMe  modon  io  i<nB«  6f  Cm  mart  flbopt*  eleetvo-ni*^ 
netio  machines. 

1  €3m  Cooneefc  the  polar  wires  with  a  te1«mpfa!o  ]ln«.  and  It  wiU  he  fimnd  timt  ibm> 
Mges  may  be  commnnicated  by  Morm^a  Indieator.  Fig.  199. 

1 64i  By  connecting  the  polar  wlrea  with  the  apparattt!}  repreeented  In  JF^.  162,  w»> 
ter  may  eairily  be  decompoaedf  and  the  0»rgen  and  Hj^tlrogen  colleeted  in  KfMnte  t  ~ 
or  in  one ;  in  the  laHer  can  one  cubic  ben  of  the  mi»!d  gwes  will  be  i" 
to  ten  minutes ;  it  is  found  that  platinum  terminal  wins  answer  battel 
neto-electrlc  current  thm  strips  of  ptatiAttm  Mi  fat  WL^  etpeitetenl. 

165.  By  fSanekog^  fdeee  of  nndaed  paper  In  the  conred  paH  of  the  V  tube,  FSg.  IGI^ 
'■o  as  to  separate  the  substances  tliat  are  t»i  free  at  the  two  pc^eSf  most  of  ttie  •Kpwt- 
ments  upon  the  dec(Mnposition  of  saUne  solutions  deivrilied  nnder  Kxpl.  84,  of  the  etoosK 
ical  effects  of  the  Hattery.  may  he  performed.  Sulphate  of  i$oda.  Nitrate  of  Poterb, 
Iodide  of  PotMSsium,  Sulphate  of  Copper,  Acetate  of  Le  d,  Nitrate  of  mver,  ChlorMe 
of  Gold,  may  l>e  decomposed,  and  these  memls,  or  their  oxides,  lie  obtelDed  at  the  nr^ 
atlTo  pole.  The  ethcrial  solution  of  Gold  prepared  by  diasolrinj^  a  strong  solatioa  of  lae 
Chloride  of  <}old  in  £tlier,  may  be  sohstitated  for  the  Chloride  of  Gold  pure. 

169.  If  the  polar  wires  be  connected  with  fine  carbon  points.  Figs.  159,  210,  »  eo»> 
tinuous  Ught  of  great  brilliancy  will  be  evolved. 

167.  If  the  polar  wires  of  the  magneto>electrio  machine  be  attached  to  the  i 
eoil  of  Pagers  separable  helices,  or  UuUmkorfTg  coll,  cll  tlie  effects  of  the«e  instraa 
may  bo  obtained  in  the  same  way  as  when  a  galvanic  battery  U  ompio;  ed. 

1 88.  The  primary  magneto-electrio  current  has  too  low  an  intensity  to  affonl  strong 
shocks,  but  these  may  l>e  increased  by  making  use  of  armatntvs  wound  with  a  gnat 
length  of  very  fine  wire.  Secondary  currents,  however,  may  be  obtained  by  toterrttp^ 
ing  the  primtiry  circuit,  as  In  the  ease  of  Page's  separalHe  helices :  tliese  have  «  mMrh 
higher  Intent^lty,  and  give  powerful  shocks.  The  primary  current  is  bnAen  by  ■>€■>■ 
of  a  wire  runninig  firom  if,  and  pressing  upon  Vie  pms  ri-^lng  from  the  circiuulinwnee  of  a 
wheel  mounted  on  the  axle  of  the  coils,  Fi^.  247.    See  Expt.  1 K). 

169.  To  show  that  shocks  may  be  obtained  from  the  primary  eurmit,  the  wire  thai 
'plays  upon  the  pins  must  be  removed,  so  that  t.ie  circuit  mty  not  be  bvoken ;  the 
springs  pressing  on  the  poIe<liangor  must  neitiier  of  them  leave  the  segment  wtiich  it 
toutrhes  Ix'lbre  it  comes  in  contact  with  the  oppo  ite  segment ;  otherwise  the  rlreoit  wOl 
be  broken  at  the  pole^hanger.  an  1  strong  secondary  shocks  obtuiued.  Metaliie  handxs 
are  then  to  be  connected  by  means  of  wit-os  with  the  cups  p  and  r,  and  the  coils  set  ia 
-motion :  slight  shocks  wilt  fanmediateiy  be  experienced.  These  may  be  paitiaUy  tt^ 
uUted  by  varying  the  speed. 

170.  To  exhibit  the  shocks  produced  by  the  secondary  chrrent,  the  whe  leodinf  from 
K,  and  pres.«ing  upon  the  pins  of  the  horuontnl  wiicel  most  be  inwrted,  aod  Uie  colli 
set  in  motion.  Whenever  the  wire  is  in  contict  with  the  pins,  Uie  primary  eurreut 
passes  from  p,  through  the  magnets  and  axis  of  the  instrument,  by  the  pins  and  coq> 
nectiug  wire  to  the  cup  v,  in  preference  to  pissing  tlirough  the  body  of  the  solijaci^ 
But  hs  soon  as  the  wire  ceases  to  press  upon  the  pins,  the  primary  current  is  bn^en, 
and  the  same  instant  a  seeondary  current  of  great  inteuslty  te  induced,  which  is  in  the 
same  direction  with  the  primary  current,  and  not  bdng  able  b>  traverse  the  instnunse**, 
Is  compelled  to  puss  through  the  bodv  of  the  operator,  giving  a  shtM  k  uf  extrenee  tate^ 
iity,  iucivasing  with  the  velocity  (n  revolution ;  the  hands  cannot  be  uackwed*  acd 
with  a  po^^erful  machine,  the  person  through  whom  It  Is  discharged  Is  pfostrated.  roUa 
on  the  ground,  and  is  at  the  mercy  of  the  operator.  At  the  same  time  bri^t  eymxka  cf 
light  sometimes  a  i  inch  in  length,  will  flash  between  the  pins  and  the  wires. 

171.  The  shocks  may  be  r^nlated  by  varying  the  speed  of  revolution ;  also  Ky 
placing  an  Iron  armature  across  tho  steed  magnets,  neutralising  their  powar ;  alw  by 
p!Ui8ing  the  primary  current  through  a  piece  of  wet  Mtton  wkking,  one  end  of  wUcb  is 
connected  with  one  of  the  poles,  p  or  m,  and  the  other  attiched  by  a  whe  to  oae  of  tbe 
metallio  handles.  The  handles  are  sometimes  one-half  of  wood ;  no  shock  is  felt  when 
^thcr  one  hiindlo  or  bethels  held  ^X  ^^^  wooden  portion.  Sometimes  the  handle  is  made 
of  glass  or  porcelain,  tipped 'with  moistened  spoiige ;  In  this  case  no  ibock  Is  Mt  whrw 
the  handle  Is  held  by  the  glass.  The  arm  connected  with  the  negative  cup  wUl  be  meat 
affected  by  the  shocks. 

1  /a.  Thermo-Eleotrlolty.  Place  a  bar  of  copper  upon  a  bar  of  blsmntb,  hi  the 
'msnner  represented,  Fig;.  268,  and  apply  a  lamp  at  the  point  of  junctk>L|  acuneat  of 
electricity  will  be  produced  drculating  as  represented  In  the  figure. 

173.  Instead  of  heat  apply  cold  at  the  point,  o,  ftnd  an  eleotrlo  ciUTent  in  the  oppo> 
■Ite  direction  will  be  Induced  as  indicated  by  the  motkm  of  the  needle. 

1 74.  Construct  a  battery  of  several  pairs  of  plates  of  AnthBony  and  BlMiBth,  as  re» 
presented  in  Fig.  260.  and  observe  the  great  Increase  of  effect. 

175.  Wifh  a  Thermo-«*1ectric  multiplier,  which  may  now  be  proeured  of  any  Philo- 
'•ephi'^  Instmroent  maker,  observe  the  extreme  <WiM^  with  wbleh  sUgfat  cbaafte  tf 

temperature  are  indicated. 
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176.  With  lumer*s  Ttaenno-elecMo  battery,  repeat  the  Tarloos  experhneiiti  de- 
fleribed  above,  In  conoecyon  with  the  galvank  battery ;  for  the  purpose  of  lliustiutiiig 
U4  deoompodiog,  magavtio,  iUamimiCing,  and  physiological  power :  aiM>  use  it  ioeteud 
of  tae  b4ttery  lo  actuate  Page's  and  Kutamkorif  s  Coiis. 

1  /  /.  Instead  of  applying  heat  transmit  a  current  of  electricity  through  a  themio- 
electrie  series,  oonsbting  of  antliBO^y  and  bismuUi.  Cold  will  be  produced  at  tlie  Unt 
Junction,  and  taejit  at  tae  secoud  U  ttm  electric  current  be  transmitted  in  the  same 
direction  wita  ttie  thirmo  eieotric  current,  heat  b  tkm  mult;  if  m  tue  contrary  direc- 
tion oold  will  be  produced. 

1 78.  Atklmtl  Eleotrloltsr*  The  electric  current  existing  In  ttie  animid  economy 
and  circulating  from  the  Interior  to  the  exterior  of  a  muscle,  may  be  shown  by  arranging 
a  series  of  limbi  of  frog4  In  such  a  manner  that  the  interior  of  one  will  come  into  contact 
with  the  exterior  of  the  next,  so  that  one  of  the  extremitied  of  the  series  is  formed  of 
the  interior  of  the  musde,  while  the  other  is  formed  of  the  exterior ;  the  terminal  pieces 
should  dip  into  cavities,  in  wiiich  a  little  di'>tiiled  water  is  placed.  On  introducing  tne 
wires  of  a  gjUvanoaieter  Into  these  eari  ies,  and  completiug  toe  circuit,  a  current  is 
produced  by  which  the  gilTanomoter  needle  is  deflected,  iodide  of  potaMiium  is  dec(nu- 
posed,  and  the  leiTes  of  an  elajtrojcope,  with  the  aid  of  a  condeuser,  made  to  divergn. 

1 7  ^.  The  same  current  may  also  be  sbo^rn,  by  stripping  the  tl«^th  from  the  upper  end 
ot  a  frog's  leg,  so  as  to  display  the  nerve,  and  then  dippiug  the  extremity  (k  tue  nerve 
into  one  vessel  of  acidnUted  water,  and  the  foot  of  the  frog  into  auotbur,  and  then  con- 
necting the  tw<>  vessels  of  w^ter  hf  mesns  of  a  curved  wire ;  as  soon  as  the  circuit  ia 
compleced,  the  leg  of  t!ie  frag  Is  perceptibly  qouvuIsinI. 

140.  A  frog's  leg  mi/  be  uied  as  a  gUvtnoinHrer,  by  strtppiDg  down  the  0ebh  so  ca  to 
•xpose  the  nerve,  and  then  inserting  toe  resr  of  the  limb  in  a  small  glass  tube,  the 
nei*ve  hanging  out:  whenever  an  electric  current,  however  slight,  is  made  to  past 
throuzH  tiic  nerve,  the  leg  U  immediately  convulsed :  it  Is  said  ttMt  such  an  arranga- 
meot  is  60,0J0  times  more  delicate  ta  in  the  most  delicate  gold  leaf  electroscope. 

191.  Fa7il9tOfloal  £f)Oti  of  tie  Oirrai%  Uxpoae  the  nerve  of  the  leg 
of  a  frog,  and  twist  a  bit  of  copper  wire  around  a  piece  of  due ;  then  touch  the  nerve  witn 
the  sine,  and  the  outside  of  the  leg  with  the  copper :  at  the  moment  of  contact  the  1^  is 
eonvalsel;  diwonnect  the  two  metiL<,  and  the  convulsions  eeise,  though  they  may  ^il 
be  in  contiot  with  the  animal.  Eioh  time  the  sine  and  copper  are  made  to  touch,  the 
oonvaUioai  are  renewed. 

184.  Place  a  live  flounder  oi  a  plate  of  riao  or  pewter ;  and  bring  a  silver  spoon  in 
eoatvst  with  Its  baolc ;  there  will  be  no  convulsion,  but  if  the  spoon  be  made  to  touch 
the  plate  while  it  re^ts  on  tlie  fl^h,  t  le  animil  becomes  strongly  oonvul«ed. 

I  Si,  If  a  piece  of  silver  be  place.!  above  the  tongue,  and  a  piece  of  lino  beneath  it, 
no  sinsatioo  ia  petoeived  so  long  as  the  metals  an  separated,  but  if  they  touch  each 
other,  a  peculiar  tlngUng  sensa^n  or  t-iste  Is  experienced-  If  the  silver  be  placed 
between  the  upper  lip  and  the  teeth,  Instead  of  ander  the  tongue,  a  flash  of  light  will 
appear  before  the  eyes. 

1 8  i.  A^parat  A«.  The  apparatus  for  tha  p«rfonnanee  of  the  experiments  described 
in  this  work,  may  be  obtained  of  the  following  Philosophical  instrument  makers :  B  S. 
Ritchie,  N.  B.  Ohaaharlaia,  Aoaloa;  B.  Pike  It  Sons,  New  York;  W.  Y.  UcAUisler, 
PhUadalphift. 
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"       of  diwovery  of  loduction  of  etoc- 

tricl  ty  by  electro  nmgnetbm,  444 

of   diseoTery  of  magneto-electric 

indnetlon,  442. 

**       of  discorery  of  extra  current,  438. 

of  diflcoTeiy  of  electromagnetbm, 

"       of  diacoTery  of  Toltaelectiic  In- 

ductioD,  425. 
*•       of  diwoTery  in  the  conatnictlon 
of  induction  coHs,  and  nugneto- 
electric  machines,  608. 
of  the  theoiy  of  the  correlation  of 
^  the  Physical  Forces,  629. 

Holmes^  magneto-electric  machine,  488. 
Horw  shoe  electro  magnets,  886. 
Hydroelectric  maclilne,  306. 
Hydrogen,  how  transferred  within  the  bat- 
tery, 3ld. 
cooling  efflBct  of,  on  red-hot  wh«,  38. 
Hygrometer,  I))aoieU*s,-flaiU8Qn  a,  189. 


loe  Bfachlnes.  2D4,  227. 
Ice,  specific  heat  of,  217, 
Indium,  268. 
Induction,  theory  of,  298. 

^        on  the  approach  and  removal 
of  the  primary  current,  429. 
*'        conditions  of,  481. 
**        likes  plac«  through  a  consid- 
erable distance,  427. 
••        ooils.      Page's,      RohmkorfTs 

Ritchie's,  460,  464,  460. 
"         of  magnetism,  8(12. 
InteetB,  temperature  of,  measured,  616. 


JaeobT^s  electro-motor,  412. 
Joule's  Law,  286 

Joule,  experiments  of,  on  meohaakal  equi- 
▼aleotof  heat,236. 

K. 

KirehhoflTs  disoorery  of  the  coincidence 
between  the  dark  lines  of  the  solar  spec- 
trum and  the  bright  lines  of  metidlitf 
spectra,  X7L 


Ladd's  magneto-electrle  machine,  407. 
Land  and  sea  breeies,  89. 
Utent  heat,  210. 

'*       '*    ofcondensingengfaie,  146. 
Law  ci  chemical  decompositioix  by  the  bat- 
tery, 861. 


Leyden  jar,  302. 

"       "    chradby  RahmkorfTs  coll, 

"       **    »>y^ ''•««'•  separable  helices, 
461. 
Light,  nature  of,  246. 
"     sources  of,  247. 
"      Inflection  of.  260. 
"     ivftaction  erf,  *26\. 
**     double  refhiction  of,  252. 
"     solar,  compound  nature  of,  25a 

•*    number  of  Tibratioos  required 
to  produce  the  different  col- 
ors, 266. 
•*        "    heat  rays  of,  286. 
*;       ••    chemical  lays  of,  258. 
"    decomposition  of,  254. 
•*       "    triple  character  of,  260. 

•     epectmm  of,  croseed  by  dark 
lines,  268. 
spectrum  of,  crossed  by  bright 
^^       ^^         lines,  278.  * 

"       ;;    effect  of,  on  plants,  277. 

effect  of,  on    chemical    cobh 
.  pounds,  279. 

on  daguerreotype  ptates,  28a 
i;    on  photograph  paper,  284. 
xelatiooK  of  the  rays  of  heat  to 
those  of  light  aind  chemical 
effect,  287. 
"     experimpnta  on,  287. 
'*     artificial,  spectra  ot  281 

of  magneto  electric    machine    a^ 
plied  to  illumination.  487. 
"      brilliancy    of    that    produced  by 
WUde>    Biagnetoelectrio    ma« 
chine,  494. 
**     ofthe  voltaic  arc,  847. 
**     effect  of  electricity  and  mafnetism 

on  604. 
"     of  RuhmkoriTs  coH  affected  by  th* 
magnet,  471. 
comparatiTe  cost  of  prodo'dng  by 
Smee's  battery,  Groves 's  by  ilia* 
minating  gas,  the  maguijto  eleo* 
trie  machine,  617. 
Ligfatniuff,  spectra  of,  276. 
UquefiMtton  produced  by  heat,  118. 

"         always  attended  by  redaetla« 
"         of  temperature,  118. 
LiquklB  poor  conductors  of  beat,  83. 

'*      peculiar  properties  of,  4. 
Luminous  effect*  of  galvaalo  batteiy,  344. 


Magic  drcle.  887. 

Magnet  described,  869. 

Magnetic  and  dia-mognetie  bodies,  872. 

needle,  influence  of  the  battery  car- 
rent  on,  868. 

needle  acted  upon  by  the  Koaid  part 
ofthecircait,d4u. 

poles,  mutual  action  or  870. 

effects  of  tlie  battery,  8S7. 
Biagnet,  infloeooe  of,  on  the  roltaio  aM,  604 


Digitized  by  VjOOQIC 


MAG 


548 


SAN 


MagTMtisoi  of  a  helix  carrjing  i  enrrent, 

of  the  eftrtU  affects  the  wire  oairjriog 
the  carreut,  8S5. 
llagnetic  curvet,  4^, 
*'       field,  3i8. 

«*       pol&ris  tdoa  of  Ugh%  491. 
**       telei^raph,  38/. 
Biigneto-elecuio  iaduction,  430 

**      electricity  oaed  iu  the  arts,  485. 
electric  ouichiDes.  477. 
electricity  applied  to  the  Ulomina- 
tioD  of  Ug  J  t-houset ,  487. 
Management  of  h^Uteries,  837. 
Mxp  of  solar  spectram,  263,  270» 
MiTcct's  appiTAtos.  133. 
Mifcteriil  tjoory  of  heat,  237. 
Matter  iodiMtracUble,  15. 

**     iareo  priacip^  states  of,  8. 
MeMnrement  of  height^i  by  boiUog  point, 

1« 
Mechinioal  theory  of  heat,  289 

*'  equiraleat  of  heat,  28V 

MeUoni*s  rese-irche^  on  heat.  6J,  63,  M,6i4. 

thenno  multiplier,  &14. 
Mercury,  specitic  heat  of,  212. 

'*        froaen  In  red-hot  capsule,  164. 
Metals,  reUUre  conductivity  of,  for  heat.  27. 
conductivity  of.  for  electricity,  28. 
toermo  electric  order  of,  612. 
dopMltei  from  their  solutions,  353. 
discovered  by  spectrum  analysis,  r^dJ. 
MebUlic  connection  between  the  plates  not 

ne«^essary  for  galvanic  action,  3^. 
Meteors,  spectra  of,  276. 
Mirrors  pur.ibolio,  effioct  of,  on    rays  of 

liglit,  6 1. 
Molecular   movements  In  magnetiaktion, 

3/8. 
Moon,  spectra  of,  275. 
Morse's  telegraphic  indicator,  890. 
*<  '*         alphabet,  Zil. 

Motion  produced  by  heitt,  239. 
Muscular  eleotrio  current,  518. 


NATTKRUt,  pToeemfiDirUque(yinggaMs,200. 

Mebulse,  spectra  of,  276. 

mcholson  and  Carlisle,  their  discovery  of 
the  decomposition  of  water  by  the  bat- 
tery, 318 

Nitrrwen.  spectrum  of,  470. 

MoblU's  Thermo-electric  battery,  513. 


OxTonr,  a  magnetic  snbetaaee,  874. 
P. 

Paob^s  electro-magnetie  locomotive,  412. 

•'      pole  changer,  484. 

'*      magneto  electric  machine,  488. 

"      Mpirabte  helices,  450. 
Papin's  dijTMter,  159. 
Phosphorus  a  dia-magnetlo  body,  878» 
Photography,  28L 


Photographs  produced  by  the   ehcmleal 

rays  of  the  solar  beam,  184. 
I'hysiological  eObcts  of  toe  battery,  520. 
PlAte  eltHTtrical  uiar&iue.  3"2. 
Fuint^of  n»embtanc«  between  static  and 
gaivauic  electricity,  340, 5o2. 
ot'diJerence,  3^1,  488, 5U0. 
Polartsatioa  of  hckt,  id. 
**  of  light,  152. 

"  and  traujftfer  of  the  Yemenis 

necessary  for  galvanic  ac- 
tion, 821. 
Poles  of  Toltalc  battery,  807,821. 
Positive  and  negative  poles  of  the  battcfj, 

how  determined,  840. 
Potassivun,  spectnun  of,  270. 
Pressure,  how  transmitted  from  boOcr  to 

cy Under,  lo^^. 
Pri^m,  its  effect  on  the  solar  beam,  258. 
Procyon,  spectrum  of,  26>),275. 
I'rogrcsa  of  di^tcovery  in  galvanic  induced 
electricity,  and  induction  coils,  5t<8. 
of  dL-toovery  in  electro-magnetism,  421. 
Propagation  of  pressure  througa  fluids,  149. 
Pulse  glass,  18o. 
Pyrometer,  DanielPs,  110. 


R\i>iATioir  of  heat,  42. 

Kain  and  snow,  prodnctioQ  of,  explained, 

2i6. 
Reaumur's  thermometer,  100. 
UeflecUon  of  Ught,  250. 

of  heat,  48. 
Reflecting  galvanometer,  Thomson^,  890, 

8:«2,  404,  406. 
Register  thermmneters,  108. . 
Removal  of  atmospheric  pimnre  hastei 

evaporation,  183. 
Refraction  of  Mght,  261. 
Refractory  substances,  121. 
Refirangibility  of  heat,  alteration  In,  74. 

of  light,  alteration  In,  259. 
Retardation  of  telegraphic  signals,  4^^ 
Ritchie*s  improved  Uuhmkorff's  coll,  46Du 
Ruhmkorff's  coil,  induction  coU,  454. 
mechanical  effects  of,  464. 
phvsiological  effects,  464. 
beating  effects,  464. 
'  luminous  effects,  467. 
chemical  effects  of,  475. 
dissected,  4>4. 

decomposition  of  steam  by,  476. 
conversion  of  carbon  Into  diamond,  477. 
Rumford's  experiments  on  heat  of  friction, 
242. 
experiroenta  on  conducting  power  of 
materials  used  lor  clothing,  19. 
Rubidium,  269. 


Salts,  effect  of.  In  lowering  flreeiing  point, 
13».  - 

effects  of.  In  raising  boiling  point,  ISL 
Smid  battery,  896. 
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Bansnire^s  hygrometer,  1^. 
8axtoa'8  magneto-electric  machine,  480. 
fiecondary  induced  currents  of  electricity, 
423. 
**        decomposition  by  the  battery, 
8o5. 
Sheathing  of  ships,  how  protected,  866. 
tfiemend'  mAgnoto-electric  machine,  496. 
SiriuK,  spectrum  of^  276. 
Smee's  battery ,  83 1. 
Sodium,  spectrum  of,  270. 
Solar  light,  effect  of,  on  plants,  278. 
'^        *'        "     on  chemical  compoands, 
279. 
Solids,  peculiar  properties  of,  4. 
Solidification  evolves  heat,  117. 

*•  ofcarbonic  acid,  196. 

Sources  of  heat,  232. 
Spark  obtained  trom  magnet,  441. 
Specific  heat,  210. 

"        *'    determined  by  mixture,  211. 
"        "    determined  by  rate  of  cooling, 

213. 
**       **    determined  by  time.  212. 
*'        '*    of  gases,  determined  by  R(^- 

nault,  219.  .'  - 

**        "    detcniiined  by  ice  melted.  214 
"        *'    altered  by  alteration  of  phys- 
ical Ktate,  221. 
**        **    altered  bv  alteration  of  den- 
sity, 2i0. 
"        "    ofsoiitlM,  210. 
"        "     of  liquids,  216. 
"        "    of  water,  216. 
"        "    of  gases,  217. 
Spectra  of  the  Nebul»  crossed  by  bright 
linM,2io,  276. 
of  Potiissium,  Sodium,  Caesium,  and 
Rubidium,  compared   with  Fraun- 
hofer>  tines.  270. 
of  artiflcUil  light  and  colored  flames, 

262. 
projection  of,  on  screen,  265. 
Spc<*troscopc,  2»)8. 
Spectrum-analysis,  266. 

'•  **         made  by  RahmkorfTs 

coll,  47a 
Spheroidal  state,  190. 
Scars,  spectra  of,  2  5. 
Statham's  fu5e,  466. 
Steam,  latent  heat  of.  190. 
"      elastic  force  of.  13^ 
"      used  cxpansirely,  lfi5. 
**     temperature  of,  at  diflierent  press- 
ures, 156. 
"     electricity  of,  806. 
**     engine,  the  inrention  of,  by  Watt, 

141. 
**     condensation  of,  in  oondenf^r.  its 
invention  described  by  Watt.  179. 
^      engine,   condensing  and    non  con- 
densing,    how    distinguished, 
142. 
"      super  heated,  158. 
sun,  for  dUrillaUon,  164. 
Submarine  telegraphic  cableSjJTS. 
Sulphate  of  copper  battery,  832. 


f. 

TabL2  of  conducting  power  fojr  heat,  27. 
conducting  power  for  heat  compnred 
with  conducting  power  for  electri- 
city,  28. 
of  Melloni,  showing  the  amount  of  heat 
from  different  sour(e^,   transmitted 
•    by  diOerent  substamo^,  GO. 
of  Melloni.  showini;  the  auiountof  heat 
fVom  the  s  me  source  that  is  imud- 
mitted  by  dltterent  substances.  €3. 
showing  the  didervnt  temperature  of 
the  rays  of  heat  of  different  rcfhin- 
gibility  contained  in  the  solar  spec- 
trum. 69. 
of  relative  expansion  of  different  sol- 

ids,  82. 
of  Renault,  showing  the  pressure  of 
steam  at  oifferent  temperatures,  156. 
of  Regnault,  showing  the  sum  of  seusi* 
ble  and  latent  heat  in  steam  at  differ- 
ent temperatures,  157. 
of  Regnault,  showing  the  elastic  force 
of  watery  vapor  at  different  temper* 
atures,  177. 
of  density  of  vapors  at   the  boiling 
points  of  their   liquid}*,   compared 
with  that  of  air,  18u. 
of  temperatures   at   which   different 

gases  solidify,  199. 
of  specific  heat  of  solids  of  equal  weight 

between  ^i°  and  211*,  216. 
of  specific  heat  of  liquids,  217. 
of  Delaroche  and  Rerard,  of  speciflo 

heat  of  cases,  218. 
of  Regnault,  of  speciflo  heat  of  gases, 

219. 
of  rise  of  specific  heat  with  rise  of  tem- 
perature, 21:1. 
of  heat  produced  by  rarious  combusti- 
bles, 2^. 
of  eleotro-negatiye  and  electro-positiro 

bodies.  861. 
of  magnetic  and  dUi-mognetio  bodies, 

376. 
of  Morse's  telegraphic  alphabet,  892. 
of  velocity  of  telegraphic  current,  401, 
of  direction  of  induftKl  currents  up  to 

the  ninth  order,  41^8. 
comparative  cost  of  light,  617. 
Transfer  of  solids  In  voltaic  arc,  8i5. 
Tangent  galvanometer,  8 .9. 
Telegraph,  magnetic,  3!37. 
Telgraphio  battcrici<,  396. 
''         mauipulntor,  392. 
"         relay.  893. 
Temperature,  increase  of,  with  Increase  of 

depth  beneath  the  sur&ce,  288. 
Thallium  260. 

Thomson  s  reflecting  galvanometer.  405. 
Thermo-chrofils,  or  calorific  tint,  72. 
*»       electric  battery,  612. 
"       electricity,  610. 
«'       multiplier  of  MeUoni,  514. 
Thermometerii,  100. 

'*  Breguet's  meUlIlc,  110. 
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XhermooMten,  Fahrtnheii,  106. 

t'  Centigrade.  lUo. 

•(  Ueaumur,  106. 

M  mfinT^miim  and  mhiimwttf 

lOd. 

<«  Rutherford's    lelf-regiater- 

Ing,  100. 

**  MmpariflonoffKrioiUMalM 

of,  107. 

<«  gntduatlon  of,  106. 

M  testtf  of  aocur&oy  of,  106. 

Torpedo,  618. 
Tmosmistloa  oC  beat,  67. 

'*  of  telegraphic  w«w«ic 

Triple  cbanoter  of  solar  Ugbt,  260. 


TJiusmnc  glass,  468. 


886. 


Taltis  of  steam  engfne,  158. 

Vaporioatlon,  126. 

Yapor,  amount  of,  fn  the  air,  168. 

'*      in  the  atmnitphere,  affeets  Ra  Italk 
and  density,  180. 
Tapora  dlflSer  in  latent  beat,  180. 
Telodty  of  telegmphk  carra&t,  401. 


Tlbratkoii  number  of,  required  for  AfKuw 

ent  colon,  :iD6. 
Yelta.  the  inren  or  of  the  voltaic  fito,  814. 
VoltaS  theory.  818. 
Tolt^  pilo,  8m. 

"        "    theory  of,  816. 
Volta-electric  induction,  428. 

«     magneto-eleetrie  mduetloD,  442 
Voltameter,  862. 


Watmh  aewmipoeed  by  a  roocesa  of  potor- 
tetion  and  transfer,  851. 
expansion  of,  to  cooling,  97. 
tt^Smot,  in  »d-bot eapeole,  164. 
froiett  V  ^^  ^'^"^  erapoiaaon,  18S. 
specific  heat  oi;  216. 
cTolutfon  of  beat  of.  tn  AreMdng,  117- 
mairimnm  density  of,  96. 
expansion  of,  in  flrcedDg,  88.    ^^^ 
Weight  of  great  importanee  ii\chemblrjt 
14.  l«*>- 

Wheatstone*8    magneto^Ieotrtc   B^hino, 
wnd«>'8  magroto-eloctrfc  machine,  488. 
WoUaston's  Cryophoros,  IJjS. 
«<         Hypscimeter,  188. 
,  M         8teambalb,140. 
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UBB'S  DICnOHAET  of  Arts,  Manufactures  and  Mines, 
sixth  edition,  greatly  enlarged,  edited  by  Robert 
Hunt,  F.  R.  S.  Illustrated  with  nearly  2,000  en- 
gravings on  wood.  3  vols.,  8vo,  cloth,  $25.00. 
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fiRAHBB  &  COX  Dictionary  of  Science,  Literature  and 
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to  Mines,  Mills,  Steam  Navigation,  Railways  and 
Agriculture,  with  practical  instructions  for  the  manu- 
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BARWAKT).  The  Metric  System  of  Weights  and  Mea- 
sures. By  F.  A.  P.  Barnard,  S.  T.  D.,  LL.D., 
President  of  Columbia  College,  New  York.  Second 
edition.    8vo,  cloth 3.00 

MoCOES.  A  Practical  Treatise  on  the  Movement  of  the 
Slide  Valve  by  Eccentrics,  examining  by  methods, 
the  action  of  the  Eccentric  upon  the  Slide  Valve, 
and  explaining  the  practical  processes  of  laying  out 
the  movements,  adapting  the  valve  for  its  various  du- 
ties in  the  steam  engine.  For  the  use  of  Engineers, 
Draughtsmen,  Machinists,  and  students  of  valve 
motion  in  general.  By  C.  W.  McCord,  A.  M.,  Pro- 
fessor of  Mechanical  Drawing,  Stevens  Institute  of 
Technology,  Hoboken,  New  Jersey.  Illustrated  with 
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C.  B.  Stuart  Illustrated  with  twenty-four  fine  en- 
gravings on  steel.    4th  edition.    4to,  cloth 6.00 
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BBOOKLTH  WATBB  WOBKS.  Containing  a  Descrip- 
dve  Account  of  the  Construction  of  the  Works,  and 
also  Reporti  on  the  Brooklyn,  Hartford,  Belleville,  and 
Cambridge  Pumping  Engines.     With  iUustrations.     1 

vol.  folio,  doth 1$  .00 

BUBGH  (N.  P.)  Modem  Manne  Engineering,  applied  to 
Paddle  and  Screw  Propulsion.  Connsting  of  36  colored 
plates,  259  Practical  Woodcut  Illustrations,  and  403 
pages  of  Descriptive  Matter,  the  whole  bebg  an  ex- 
position of  the  present  practice  of  the  following  firms : 
Messrs.  J.  Penn  Sc  Sons ;  Messrs.  Maudslay,  Sons  5r 
Field;  Messrs.  James  Watt  8c  Co.;  Messrs.  J.  &  G. 
Rennie ;  Messrs.  R.  Napier  Sc  Sons ;  Messrs.  J.  &  W. 
Dudgeon;  Messrs.  Ravenhill  &  Hodgson;  Messrs. 
Humphreys  Sc  Tenant ;  Mr.  }•  T.  Spencer,  and  Messrs. 
Forrester  Sc  Co   hy  N.  P.  Burgh,  Engineer.  In  1  diick 

ToL4to,  doth 35.00 

Do*    do.    half  morocoo. ••««,.^.«   30.00 
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n.  Tiji  HOnmAiOD'fl  FtngJOiTiWL 

CAKFDI  on  the  Construction  of  Iron  Roofs.     By  Prmndt 

Cunpin.     8to,  with  plates,  doth $3 .00 

CHAuVjEflJT  (Prof.  Wm.)  New  Mediod  of  Correcting 
Lunar  Distances,  and  Improved  Method  of  Finding  the 
Error  and  Rate  of  a  Chronometer,  by  equal  akimdes. 

By  Wm.  Chaurenet,  LL.  D.     1  vol  8yo,  doth s.oo 

OOLBUBV.  The  Gas  Works  of  London.  By  Zerah  Col- 
bam,  C.  B.     1  voL  i2mo,  boards 75 

CSBAIO  (B.  F.)  Wdghts  and  Measores.  An  Account  of 
the  Decimal  Sjrstem,  with  Tables  of  Conversion  for 
Commerdal  and  Scientific  Uses.      By  B.  F.  Craig,  M. 

D.     1  ToL  square  3smo»  liiiq>  doth 90 

OOJTJrui.  Navigation  and  Nautical  Astronomy;  pre- 
pared for  the  use  of  the  U.  S.  Naval  Academy.  By 
Prof.  J.  H.  0.  Coffin.    4th  edition  enlarged.    i2mo, 

doth 3.50 

COnOnSB  (M.  L.)  OntheManufactjueofSteeL  Trans- 
lated from  the  French.  By  Lenox  Smith.  With  an 
Appendix  on  the  Bessemer  Process  in  the  United 
States,  by  the  Translator.  lUuBtrated  by  several  En- 
gravings.    8vo,  cloth 3.50 

8AELTZER-  A  Treatise  on  Acoustics,  in  Connection 
with  VentilatioTu  By  Alexander  Saeltzer.  12  mo. 
cloth 2.00 

niAHCIS.     LoweU  Hydraulic  Eiperiments,  being  a  sdee^ 

don  from  Experiments  on   Hydraulic  Motors,  on  the 

Flow  of  Water  over  Wiers,  in  Open  Canals  of  Uniform 

Rectangular  Section,  and  thro«^h  submerged  Orifices 

and  diverging  Tubes.     Made  at  Lowdl,  Biassachusetts. 

By  James  B.  Frauds,  C.  £.     3d  edidon,  revised  and 

enlarged,  with  many  new  experiments,  and  iOustratrd 

with  twenty-three  copperplate  engravings,     i  niL  4tD| 

doth ^ I5»M 

4 


Digitized  by  VjOOQ IC 


Jk  YAM  MO0TBAMD*8  PUBLSOATIOIIS 

F&AHCIS.  On  the  Strength  of  GaK-Iron  Pillan,with  Tables 
for  the  uae  of  Engineers,  Architects,  and  BuiHers.     By 
James  B.  Francis,  Civil  Engineer,     i  vol.  8to,  doth.  •    $s.oo 
•<A  tolMUflo  tr«*tit»  or  laesiiiDabto  t^im  Io  Umm  Ibr  whan  H  If  tnlwded.'*-ArtM 

ailUIOSB  (Gen.  Q;.A.)  Treatise  on  Dnies,  Hydraulic 
Cements,  and  Mortars.  Papers  on  Practical  Engineer- 
ing, U.  S.  Engineer  Department,  No.  9,  containing 
fieports  of  numerous  Experiments  conducted  in  New 
York  City,  during  the  years  1858  to  1861,  inclusare. 
By  (^  A.  Gillmore,  Bvt.  Maj.-Gen  ,  U.  S.  A.,  Major, 
Corps  U.  S.  Engineers.  With  numerous  illustrations. 
T  vol.  8vo,  cloth • 4.0^ 

THE  TOmrO  KBOHAHIC.  Containing  directions  for 
the  use  of  all  kinds  of  tools,  and  for  the  construction 
of  Steam  Engines  and  Mechanical  Models.  By  au- 
thor of  **The  Lathe  and  its  Uses."  Square  i6mo. 
cloth 1.75 

HABBI80V.  The  Biechanics'  Tool  Book,  with  Practical 
Rules  and  Suggestions  for  Use  of  Machinists,  Iron 
Workers,  and  others.  By  W.  B.  Harrison,  associate 
editor  of  the  '^  American  Artisan."  Illustrated  with  44 
engravings.     1 2mo,  cloth i .  50 

HENSICI  (Olaus).  Skeleton  Structures,  espedafi/  in  their 
application  to  the  Building  of  Steel  and  Ir^/^j  Bridges. 
By  Olaus  Henrici.  With  folding  plates  and  iiagrams. 
1  voL  8vo,  cloth 3 .00 

HBWSOH  (Wm.)  Principles  and  Practice  of  Embanking 
Lands  from  River  Floods,  as  applied  to  rhe  Levees  of 
the  MisassipfM.  By  William  Hewson,  Civi!  Engineer. 
1  vol  8vo»  doth. a  .00 

THB  IE  BOUISVGE  CHBdHOOBAPH.  By  Bvt.  Capt 
O.  E.  Michaeli$,  First  Lt  Ordnance  Corps,  U.  S.  A. 

Illustrated,  4to,  cloth 3.00 
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Vk  TAX  XOSTBAMDni  FOBEJOAIIOA 

HOLLET  (A.  Im)  Railway  Practice.  American  and  Euro* 
pean  Railway  Practice,  in  the  economical  Generation  of 
Steam,  induing  the  Materials  and  Construction  of  Coal- 
bunung  Boilers,  Combustion,  the  Variable  Blast,  Va- 
porization, Circulation,  Superheating,  Supplying  and 
Heating  Feed-water,  &c.,  and  the  Adaptation  of  Wood 
and  Coke-bumii^  Engines  to  Coal-burning;  and  in 
Permanent  Way,  including  Road-bed,  Sleepers,  Rails, 
Joint-fastenings,  Street  Railways,  See,  Sec.  By  Alex- 
ander L.  Holley,  B.  P.  With  77  lithographed  plates. 
1  yd.  folio,  doth $12 .oe 

•  •  •  <«AUtlM8era1^M««i«tn«t«<il>7tb«aaUiorlnbolIi  an  taitflUi8«at  Mid  toM 
Ngtbto  mumer.  fbe  facta  aod  fctoaa  are  well  arranged,  and  proaapted  In  a  olear  and  ate. 
pie  Myle,  aooompanled  bj  beantiftil  engrayinga,  and  we  presome  the  work  will  be  re- 
garded aa  Indlspenaable  hj  all  wbo  are  Intoreeted  In  a  knowledge  of  Uie  oooatrooUia  ef 
raQroadB  and  rolling  atook,  or  ttie  working  of  looomottree."— ^btoit(^  Jawrfcaw. 

HUHT  (R  M.)  Designs  for  the  Gateways  of  the  Southern 
Entrances  to  the  Central  Park.  By  Richard  M.  Hunt. 
With  a  description  of  the  dengns.  1  vol.  4to,  illus- 
trated, doth 5  o« 

TTBQ  (W.  H.)  Lessons  and  Practical  Notes  on  Steam, 
the  Steam  Engine,  Propellers,  &c.,  &c.,  for  Young  Ma- 
rine Engineers,  Students,  and  others.  By  the  late  W. 
H.  King,  U.  S.  Navy.  Revised  by  Chief  Engineer  J. 
W.  King,  U.  S.  Navy.  Twelfth  edition,  enlarged.  8vo, 
cloth 2.00 

THE  KANSAS  CITT  BRIDGE,  with  an  account  of  the 
R^men  of  the  Missouri  River,  and  a  description  of 
Methods  used  for  founding  in  that  River.  By  O. 
Chanute,  Chief  Engineer,  and  George  Morrison, 
Assistant  Engineer.  Illustrated  with  five  lithographic 
views  and  twelve  plates  of  plans.     4to,  cloth 6.00 

OH  THE  STEEHGTH  OF  BRIDGES  AED  ROOFS  for 

the  use  of  Engineers.   By  S.  H.  Shreve.   Illustrated. 
8vo.    In  press , , 


Digitized  by  VjOOQ IC 


n.  TAll  llORBilll>*0  fvmuokTumL 

MlnFIE  (y^m.)  Mechanical  Drawing.  A  Teit-Book 
of  Geometrical  Drawing  for  the  use  of  Mechanics  and 
Schools,  in  which  the  Definitions  and  Rules  of  Geometiy 
are  familiarly  explained ;  the  Practical  Problems  are  ai^ 
rangedy  from  the  most  simple  to  the  more  complex,  and 
in  their  description  technicalities  are  avoided  as  much 
as  possible.  With  illustrations  for  Drawing  Plans,  Sec- 
dons,  and  Elevadons  of  Buildings  and  Machineiy ;  an 
Introduction  to  Isometrical  Drawing,  and  an  Essay  on 
Linear  Perspective  and  Shadows.  Hhistrated  with  over 
aoo  diagrams  engraved  on  steeL  By  Wjn.  Minifies 
Architect.  Seventh  Edition.  With  an  Appendix  on 
the  Theory  and  Application  of  Colois.  i  voL  8vo^ 
cloth • • $4*00 

WmiAKSOH.  Practical  Tables  in  Meteorology  and 
Hypsometiy,  in  connection  with  the  use  of  the 
Barometer.  By  Col.  R.  S.  Williamson,  U.  S.  A. 
I  vol.  4to,  flexible  cloth • a. 50 

CULLET.  A  Hand-Book  of  Practical  Tel^iiaphy.  By 
R.  S.  CuUey,  Engineer  to  the  Electric  and  Interna- 
tional Tel^;iaph  Company.  Fourth  edition,  revised 
and  enlarged.     8va     Illustrated.    Cloth 5 .00 

POPE.    Modem  Practice  of  the  Electric  Tel^raph.    For 
Electricians  and  Operatois.     By  Frank   L.   Pope. 
Seventh  edition,  revised  ami  illustrated*    8vo,  cloth. .     2.00 

MIHIFIB  (Wm.)  Geometrical  Drawing.  Abridged  from 
the  Octavo  edition,  for  the  use  of  Schools.  Illustrated 
with  48  steel  plates.  Fifth  edition,  j  vol.  iimo, 
doth *..*.., * a. 00 

POTIBBT.  Materials  and  Manufacture  of  Terra  Cotta, 
Stoneware,  Fire-Brick,  Porcelain,  Earthenware, 
Brick,  Majolica,  and  Encaustic  Tiles.    By  A.  Beck- 

with.     8vo,  cloth 1.50 
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^  TAH  WMXBAVn's  PVMJDAXIOHk 

FIBROB(Pn>f.  Benj.)  System  of  Analyticd  Mechaniau 
Phyaiad  and  Celesdal  Mechanics,  by  Benjamin  Pierce, 
Perkins  Professor  of  Astronomy  and  Mathematics  in 
Hanrard  UniTersity,  and  Consulting  Astronomer  of  the 
American  Ephemerb  and  Nautical  Aknanac.  Developed 
in  four  systenu  of  Analytical  Mechanics,  Celestial  Me- 
chanics, Potential  Physics,  and  Analytic  Morphology. 
1  vol.  4to,  cloth $10.00 

**I  tmw  re-flnmlned  U^  wtmaotn  9i  Uie  grMi  geomalara,  tad  hftre  wMna  M  iwmW 
iM9  ttieir  ktcgt  r«Mwohfla  Mid  their  most  ttza]|«d  forms  of  tborfht  iato  »  eoniMm  asi 
anllbni  tnMlM.  If  1  hay»  hereby  micoeeded  In  opeotng  to  the  stodente  otmj  tmmwy  m 
rmdktr  aoeeat  to  these  choice  jewels  of  Intellect;  If  their  brlUisiioj  Is  not  Impeirod  1b  this 
tttempt  to  resiS  then;  i^  In  their  own  oonstellation,  thej  Ulastnoe  cMh  olher,aBMl  ess- 
•SBtmte  s  stroager  Ui^t  opoa  the  osmes  of  their  dieoorerers;  end,  stUl  more.  If  amj  fss 
which  I  vmj  hsve  presumed  to  sdd  Is  not  wboUj  lustreless  In  Om  co.leotfcH^-4  smUl  taf 
ifess  mj  work  has  not  bean^tai  Tahu^-^Batnutfw&mOuJPr^ftace, 

PLTMPTON.  The  Blow-Pipe ;  a  System  of  Instruction  in 
its  Practical  Use,  being  a  Graduated  Course  of  Analy- 
se for  the  Use  of  Students  and  all  those  engaged  in  the 
Examinadon  of  Metallic  Combinations.  Second  edi- 
tion, with  an  appendix  and  a  copious  index.  By  Geo. 
W*  Plympton,  of  the  Polytechnic  Institute,  Brooklyn. 
1  vol  I  amo,  cloth s*oo 

POOK  (S.  M.)  Method  of  Comparing  the  lines  and 
Draughting  Vessels  Propelled  by  Sail  or  Steam.  In- 
cluding a  chapter  on  Laying  off  on  the  Mould-Loft 
Floor.  By  Samuel  M.  Pook,  Naval  Constructor.  1 
vol.  8vo,  with  illustnttions,  cloth 5.00 

RANDALL'S  OXJAETZ0PEBAT0B*S  HAND-BOOK.   By 

P.  M.  Randall.    New  edition,  revised  and  enlarged. 
Fully  illustrated.     i2mo,  cloth. a  00 

B0QBB8  (H.  D.)  Geology  of  Pennsylvania*  A  complete 
Scientific  Treatise  on  the  Coal  Formations.  By  Heniy 
D.  Rogers,  Geologist  $  vob.  410^  phuet  and  mapa. 
Boards ••*»«« f -t**.  $o.m 
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Si  TAH  iromWLKD  B  VHBUIUXIOIIiL 

lUBKABIVB  BLASmrO  IN  BOSfOH  HABBOB, 
MASSACHVSETTS.  Removal  of  Tower  and  Cor- 
win  Rocks.  By  John  G.  Foster,  Lieutenant-Colonel 
of  Engineers,  anvl  Brevet  Major-General,  United 
States  Army.    With  illustrations.    4to,  cloth $3  50 

fHAFFBEB  (T.  P.)  Telegraph  Manual.  A  complete 
Histoiy  and  Description  of  the  Semaphoric,  Electric, 
and  Magnetic  Telegraphs  of  Europe,  Ana,  and  Africa, 
with  625  illustradons.  By  TaL  P.  Shafiner,  of  Ken- 
tucky.    New  edidon.     1  voL  8v0y  doth,  850  pp....     6.SO 

8ILVBBSMITH  (Julius).  A  Piacdcal  Hand-Book  for  Mi- 
nerft,  Metallurgists,  and  Assayers,  comprising  the  mo6t 
recent  improvements  in  the  disintegradon»  amalgama 
don,  smeldng,  and  pardng  of  the  Precious  Ores,  with  a 
Comprehensive  Digest  of  the  Mining  Laws.  Greatlt 
augumented,  revised,  and  corrected.  By  Julius  Silver* 
smith.  Fourth  edidon.  Profusely  illustrated.  1  vol 
i2mo,  doth 3*00 

SIMM'S  LEVELLIHO.  A  Treatise  on  the  Principles  and 
Practice  of  Levelling,  showing  its  application  to  pur- 
poses of  Railway  Engineering  and  the  Construcdon 
of  Roads,  &c  By  Frederick  W.  Simms,  C.  E. 
From  the  fifth  London  edidon,  revised  and  corrected, 
with  the  addition  of  Mr.  Law's  Practical  Examples 
for  Setdng  Out  Railway  Curves.  Illustrated  with 
three  lithographic  plates  and  numerous  wood-cuts. 
8vo,  cloth 1.50 

6VBIIABIHB  WAEFABE,  Offensive  and    Defensive, 
*nduding  a  Discussion  of  the  Offensive  Torpedo 
system.     By.  Lieut  -Commander  J.  S.  Barnes,  U.S.N. 
Vith  illustrations.     8vo,  clotli .    . .   , 5.00 
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PLATTHBB'8  BLOW-PIFB  AVALT6I8.  A  Complete 
Guide  to  Qualitative  and  Quantitative  Examinations 
with  the  Blow-Pipe.  Revised  and  enlarged  by  Pro£ 
Richter,  Freiberg.  Translated  from  the  latest  Ger- 
man edition  by  Henry  B.  Cornwall,  A.  M.,  K  M. 
8vo,  cloth $7.50 

DEIDRICH'S  Theory  of  Strains  for  the  Construction  of 
Bridges,  Roofs  and  Cranes.  Illustrated  with  plates 
and  diagrams.     8vo,  cloth 5.00 

SnUiVAH  (Paul).  Steam  Engine  Indicator,  and  the 
Improved  Manometer  Steam  and  Vacuum  Gauges — 
their  Utility  and  Application.  By  Paul  Stillman. 
New  edition,     i  vol.  1 2mo,  flexible  cloth i.oo 

SAmE£SBBBO*S  Guide  to  Quantitative  Chemical  An- 
alysis, especially  of  Minerals  and  Furnace  Products. 
Translated  by  ProC  J.  Towler.    8vo,  cloth 2.35 

SWEET  (S.  H  )  Special  Report  on  Coal ;  showing  its 
Distribution,  Classification,  and  cost  delivered  over 
dififerent  routes  to  various  points  in  the  State  of  New 
York,  and  the  principal  cities  on  the  Atlantic  Coast 
By  S.  H.  Sweet    With  maps,  i  vol.,  8vo,  cloth. . . .      3.00 

IHTBODVCnOH  TO  CHEMICAL  PHTSIC8.  Designed 
for  Academies,  Colleges  and  High  Schools.  By 
Prof.  T.  R.  Pynchon.  Fully  illustrated,  thick  laroo, 
cloth 3.0c 

WALKER  (W.  H.)  Screw  Propulsion.  Notes  on  Screw 
Propulsion,  its  Rise  and  History.  By  Capt  W.  H. 
Walker,  U.  S.  Navy,      i  vol.  8vo,  cloth 7; 

EZAMnr ATiinr  of  tee  teleg&afhio  afpaba- 

TUB  and  the  Processes  in  Telqgraphy.    By  S.  F.  K 
Morse,  LI^D.     8vo,  cloth 3JOC 
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WEISBAOH'S  MECHANICS.  New  and  revised  edition. 
A  Manual  of  the  Mechanics  of  Engineering,  and  of 
the  Constraction  of  Machines.  By  Julius  Weisbach, 
Ph.  D.  Translated  from  the  fourth  augmented  and 
improved  German  edition,  by  Eckley  B.  Coxe,  A.  M., 
Mining  Engineer.  Vol.  I. — Theoretical  Mechanics. 
I  vol.  8vo,  I,  ICO  pages,  and  902  wood-cut  illustra- 
tions, printed  from  electrotype  copies  of  those  of  the 

best  German  edition $10.00 

Abstract  of  Contents. — Introduction  to  the  Cal- 
culus— ^The  General  Principles  of  Mechanics — Pho- 
ronomics,  or  the  Purely  Mathematical  Theory  of 
Motion — Statics  of  Rigid  Bodies — ^The  Application 
of  Statics  to  Elasticity  and  Strength — Dynamics  of 
Rigid  Bodies — Statics  of  Fluids — Dynamics  of  Fluids 
—The  Theory  of  Oscillation,  etc. 

<*  The  prosent  oditlon  is  aa  entirely  new  woric,  greatij  extended  and  yery  mnob  Im- 
prored.  It  forma  a  toxt-book  which  most  find  its  way  into  the  handa,  not  only  af  ererj 
student,  bat  of  OTory  engineer  who  desires  to  reft^sh  his  memory  or  acquire  dear  Ideaa 
on  donbtfal  points."— ^Ae  lixknologitL 

WABD  (J.  H.)  Steam  for  the  Million.  A  popular  Trea- 
tise  on  Steam  and  its  Application  to  the  useful  Arts, 
especially  to  Navigation.  By  J.  H.  Ward,  Com- 
mander U.  S.  Navy.  New  and  revised  edition,  i 
vol.  8vo,  cloth 1 .00 

WHILBEN  (J.  K.)  On  the  Strength  of  Materials  used 
in  Engineering  Construction.  By  J.  K.  Whilden. 
I  vol.  i2mo,  cloth a, 00 

WILLIAJiSON  (R.  S.)  On  the  use  of  the  Barometer  on 
Surveys  and  Reconnaissances.  Part  I.  Meteorology 
in  its  Connection  with  Hypsometiy.  Part  II.  Ba- 
rometric Hypsometry.  By  R.  S.  Williamson,  Bvt. 
Lieut -Col.  U.  S.  A.,  Major  Corps  of  Engineers. 
With  Illustrative  Tables  and  Engravings.  Paper 
No.  15,  Professional  Pipers,  Corps  of  Engineers. 

I  vol.  4to,  cloth , 15.00 
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Dk  TAlf  MOenUND  S  PUBLIGATIOm. 


BOBBLINO  (J.  A.)  Long  and  Short  Span  Railwaj 
Bridges.  By  John  A.  Roebling,  C.  E.  Illustrated 
with  large  copperplate  engravings  of  plans  and  views. 
Imperial  folio,  cloth $25 .  oo 

CLABXE  (T.  C.)  Description  of  the  Iron  Railway 
Bridge  over  the  Mississippi  River,  at  Quincy,  Illi- 
nois. By  Thomas  Curtis  Clarke,  Chief  Engineer. 
Illustrated  with  27  lithographed  plans,  i  vol  8vo, 
cloth 7 .  50 

TinraEB  (P.)  A  Treatise  on  Roll-Turning  for  the 
manufacture  of  IrorL  By  Peter  Tunner.  Trans- 
lated and  adapted  by  John  B.  Pearse,  of  the  Petm- 
sylvania  Steel  Works,  with  numerous  engravings 
and  wood-cuts,  i  vol.  8vo,  text,  and  fol.  vol.  Plates^ 
cloth 10.00 

IBHEBWOOD  (B.  F.)  Engineering  Precedents  for  Steam 
Machinery.  Arranged  in  the  most  practical  and 
useful  manner  for  Engineers.  By  B.  F.  Ishcr- 
wood,  Civil  Engineer,  U.  S.  Navy.  With  illustra- 
tions.    Two  volumes  in  one.     8vo,  cloth a .  50 

BAUEBMAH.  Treatise  on  the  Metallurgy  of  Iron,  con- 
taining outlines  of  the  History  of  Iron  Manu&ctnre, 
methods  of  Assay,  and  analjrsis  of  Iron  Ores,  pro- 
cesses of  manu&cture  of  Iron  and  Steel,  etc.,  eta 
By  H.  Bauerman.  First  American  edition.  Re- 
vised and  enlarged,  with  an  appendix  on  the  Martin 
Process  for  making  Steel,  from  the  report  of  Abram 
S.  Hewitt  Illustrated  with  numerous  wood  engra- 
vings.    1 2mo,  cloth a  .00 

«Tlito  to  an  Important  addition  to  the  stock  of  technical  works  published  Inlhto 
eountry.  It  embodies  the  latest  ftMSts,  dtocoverles,  and  prooewos  connected  with  the 
■Murafhctore  of  tatm  and  steel,  and  should  be  In  the  hands  of  erery  person  Interested  la 
IhesQltfeot^  as  weU  as  In  aU  technical  and  sdentttc  librarie«."-^&Mf(b  JsMriosik 

EUOT  &  STOREB'S  Manual  of  Qualitative  Chemical 
Analysis.     New  edition,  revised.    By  Prof.  W.  R. 

Nichols.     1 2mo,  illustrated 1.50 
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WJQBST.  Treatise  on  Optics :  or,  Light  and  Sight,  the- 
oretically and  practically  treated ;  with  the  applica- 
tion to  Fine  Art  and  Industrial  Pursuits.  By  £. 
Nugent  With  one  hundred  and  three  illustrations. 
i2mo,  cloth $2.00 

(« This  book  to  of  A  practical  rather  than  a  theoretical  kind,  and  is  designed  to  aflbrd 
aocorate  and  complete  information  to  all  interested  in  applications  of  the  science.— ifocifid 
JMe, 

SABHTE.  HISTORY  AHDPEOGBESS  OF  THE  ELEC- 
TMC  TELEOBAPH.  By  Robert  Sabine,  GE.  2d 
edition,  with  additions.  Fully  illustrated.  i2mo,  clo.     1.25 

GLTNH  (J.)  Treatise  on  the  Power  of  Water,  as  applied 
to  drive  Flour  Mills,  and  to  give  motion  to  Tur- 
bines and  other  Hydrostatic  Engines.  By  Joseph 
Glynn.  Third  edition,  revised  and  enlarged,  with 
numerous  illustrations.     1 2mo,  cloth 1.25 

PRIHE.  TREATISE  ON  ORE  DEPOSITS.  By  Bern- 
hard  Von  Cotta.  Translated  from  the  Second  Ger- 
man edition  by  Frederick  Prime,  Jr.,  Mining  Engi- 
neer, and  revised  by  the  Author.  With  numerous 
illustrations.     8vo,  cloth 4. 00 

HXmMR.  A  Handy  Book  for  the  Calculation  of  Strains 
in  Girders  and  similar  Structures,  and  their  Strength, 
consisting  of  Formulae  and  corresponding  Diagrams, 
with  numerous  details  for  practical  application.  By 
William  Humber.     i2mo,  fully  illustrated,  cloth. . .     2 .  50 

6ILLX0RE.  Engineer  and  Artilleiy  Operations  against 
Charleston,  1863.  Bf  Major-General  Q.  A.  Gill- 
more.     With  76  lithographic  plates.     8vo,  cloth  ...   10 .00 

■  Supplementaiy  Report  to  the  above,  with  7  litho- 
graphed maps  and  views.     8vo,  cloth 5*oo 
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AUCHnrCLOSS.  Link  and  Valve  Motions  Simplified. 
Illustrated  with  37  wood  cuts,  and  21  lithograi^c 
plates,  together  with  a  Travel  Scale,  and  numerous 
useful  Tables.    By  W.  S.  Auchincloss,    8vo.,  clotb,   I3  oc 

JOYHSOH.    METALS  USED  IN  CONSTEUCTIOV- 

Iron,  Steel,  Bessemer  Metal,  etc.,  etc    With  illus- 
trations.    i2mo,  cloth .75 

THE  AKT  OF  GRAOINa.  How  Acquired  and  How 
Produced.  By  Pickert  and  Metcal£  Beautifully 
Illustrated,  tinted  paper.    4to,  cloth 10.00 

VAV  BTIEEH.  Investigations  of  Formulas,  for  the  strength 
of  the  Iron  parts  of  Steam  Machinery.  By  J.  D.  Van 
Buren,  Jr.,  G  E.     Illustrated,  8vo.,  cloth, s  00 

JOTHSON.     Designing  and  Construction  of  Machine 

Gearing.    Illustrated,  Svo.,  cloth, j  00 

WHIPPLB*8  Practical  Treatise  on  Bridge  Building,  an 
enlarged  and  improved  edition  of  the  author's  origi- 
nal work.     8vo,  cloth 4X>0 

COIGHET-fiETOH,  and  other  Artificial  Stone.    By  Q.  A. 

GiUmore.    Illustrated  vnth  9  Plates.    8vo,  cloth*. ...  2.50* 

FBEE  HAND  DEAWIHO,  a  Guide  to  Ornamenial,  Fig- 
ure and  Landscape  Drawing.  By  an  Art  Student 
Profusely  illustrated,  i8mo.,  cloth, 75 

THE  EARTH'S  CRUST.    A  handy  OuUme  of  Geology. 

By  David  Page.    Illustrated,  iSmo.,  cloth, 75 

DICTIOHARY  of  Manufectures,  Mining,  Machinery,  and 
the  Industrial  Arts.     By  George  Dodd.      lamc, 

doth, ••     2  00 
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BUBT.  Key  to  th6  Solar  Compass,  and  Surveyor's  Com- 
panion. By  W.  A.  Burt  Second  edition.  Pocket- 
book  form,  tuck $2.^0 

A  XBB  ATISE  OH  THE  BICHABDS  STB  AK-EHOIHB 
IHDICATOB,  with  Directions  for  its  Use.  By  Chas. 
T.  Porter.  Revised  with  notes  and  laige  additions^ 
as  developed  by  American  Practice,  with  an  Appendix 
containing  useful  formulae  and  rules  for  Engineers. 
By  F.  W.  Bacon»  M.  E.,  Member  of  the  American 
Society  of  Civil  Engineers.   i8mo,  illustmled.  Cloth,     i.oo 

OB  THB  FILTBATIOB  OF  BITBB  WATBBS,  for  the 

Supply  of  Cities,  as  practised  in  Europe,  made  to  the 
Baird  of  Water  Commissioners  of  the  City  of  St 
Louis.  By  J.  P.  Kirkwood,  Civil  Engineer.  Illus- 
trated by  30  engravings.    4to,  cloth 15.00 

THB  PLAHB-TABLE  AHD  ITS  USE  IB  TOPOOBAPH« 
ICAL  SUBVBTIBO.  From  the  Papers  of  the  U. 
S.  Coast  Survey.     8 vo,  illustrated.        Cloth 2 .  00 

BBPOBT  on  Machinery  and  Processes  of  the  Industrial 
Arts  and  Apparatus  of  the  Exact  Sciences.  By  F.  A. 
P.  Barnard,  LL.  D.  Paris  Universal  Exposition, 
1867.     I  vol.  8vo,  cloth 5.00 

IBOB  TBUSS  BEID0E8  FOE  BAILBOABS.      The 

Method  of  Calculating  Strains  in  Trusses,  with  a 
ICareful  Comparison  of  the  most  Prominent  Trusses  in 
Reference  to  Economy  in  Combination,  etc.  By 
Brevet  Colonel  William  E.  Merrill,  U.  S.  A.  Illus- 
trated.   4to,      cloth 5.00 


OSEFUL    IHFOAMATIOB    FOB   BAILWAT 

By  W.  G.  Hamilton,  Engineer.     Fourth  edition,  re- 
vised and  enlaiged.    600  pp.    Morocco  gilt    For 

pocket s.OP 
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Van  Nostrand's 

eclectic 
Engineering   Magazine. 


•>• 


112  Paoes,  large  8vo,  Monthly. 

First  Number  was  Issued  Jan.  i,  1869 

Illustrated. 
PRICE  $5  A  YEAR  IN  ADVANCE.    SINGLE  COPIES  50  CTS. 

Tol.  I.     January  to  December,  1869.     Cloth $5.00 

'*    2.        "         "  June.  1870.        "    3.00 

"    3.     July  to  December,         1870.        *'     3.00 

"    4.    January  to  June,  1871.         **     3.0c 

**     5.    July  to  December,         1871.         "     3.00 

"    6.     January  to  June,         1872.  **      3.00 

VAN  NOSTRAND'S  MAGAZINE  consists  of  Articles  St- 
lected  and  Matter  Condensed  from  all  the  Engineering  Serial 
Publications  of  Europe  and  America,  together  with  Original 
Articles. 

Few  active  engineers  01  aitisans  can  take  all  or  most  of  the 
professional  newspapers ;  none  can  afford  the  time  to  wade 
through  the  columns  of  the  whole  scientific  press  to  get  at  the 
really  important  news,  information,  and  opinions. 

The  object  of  this  Magazine  is  to  present  within  limits  of  space 
and  cost  that  all  can  afford,  the  cream  of  not  less  than  fifty  engi 
neering,  mechanical,  chemical,  and  metallurgical  publications. 
The  French  and  German  Magazines  will  be  largely  translated. 
Papers  and  discussions  before  Societies  will  be  condensed. 
Ptofesnonal  news  firom  all  souroet  will  be  compiled  at  length. 
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LOAN  DEPT. 
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on  the  date  to  which  renewed. 

Rcaewed  books  are  suhject  to  immediate  readi. 


LIB«>ARY  USE 


MAR    ^1961 


R^o  D  LD 


i^AR    4  1961  jgc   9^970  22 


jsauo— DB' 


m^Lmi 


7J 


JUW 


Jz^^ 


L0  2lA-50m-l£,'rtO 


G«aenl  LibnuT 

UalvenilT  of  C^Ufornrt 

Berkeley 


VB  09829 
U.C.  BERKELEY  UBRARIE! 


CD0SS77DSfl 


•  •T. 


no^i 


.  I 


-»  ► 


V 


♦     ". 


'^T-'--. 


\-'- 


<i 


Tr 


